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ABSTRACT

This work was conducted to determine the prevalence of E. coli, Cryptosporidium spp., Giardia sp.,
rotavirus and coronavirus agents involved in the etiology of diarrhea in cases of neonatal calf di-
arthea detected in Burdur Mehmet Akif Ersoy University Animal Hospital Clinics and other
farms in the region between 2019-2020 years. The material of the study consisted of 50 neonatal
calves with diarrhea. Stool samples were taken from calves with diarrhea and examined with
immunoch-romatographic rapid test kits. One or more enteropathogenic agents were detected in
70% of the calves. In calves with diarthea, Cryprosporidium spp (42%) and rotavirus (30%) were
detected as single and mixed enteropathogen. Mixed enteropathogens (14% Cryptosporidinm spp.
+ Rotavi-rus, 2% Rotavirus + coronavirus, 2% Cryptosporidinm spp. + rotavirus + coronavirus +
E. 0li K99 + Giardia spp, 2% Cryptosporidium spp. + coronavirus + E. cwli K99 + Giardia spp)
wete determi-ned in 20% of calves. As a result, it was concluded that in neonatal calf diarrhea,
Cryptosporidium spp. and rotavirus factors are common and necessary precautions should be taken
in enterprises against these factors.

(rkiyici@mehmetakif.edu.tr)
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INTRODUCTION

The neonatal period is the most sensitive period of
calf rearing, covering the first 28 days from birth. Diarrhea is
one of the most important symptoms threatening the life of
calves during this period. Because diarrhea increases the mor-
tality rate in sick calves and causes great economic losses, it is
very important to combat diarrhea in newborn calves (Tokgoz
et al., 2013).

Diarrhea is a symptom characterized by an increase in the
daily amount of stool and the number of stools, and the con-
sistency of the stool is watery. It can be shaped due to infecti-
ous and non-infectious causes (Roy, 1980). Diarrhea in
studies; Enthropathogenic bacterial species such as
Clostridium perf-ringens (Cl. Perfringens), Escherichia coli (E. colj),
Salmonella spp., Chlamydia spp., and  Camphylobacter jejuni,
Viruses such as Rotavirus, coronavirus, Coccidia,
Cryptosporidium spp and Giardia spp, environmental factors,
care and nutritional disorders, enzyme deficiencies and the
immunological status of the calf have been reported to play a
Pole3Kalinbacak, 2003; Citil,

Bu makaleye atifta bulunmak icin/ To cite this article:

It has been determined that the risk of diarrhea in neonatal
calves varies between 15% and 20% between 0 and 30 days,
and mortality rates in calves with diarrhea are between 0.2%
and 8% in studies conducted in developed countries (Bendali
etal, 1999). It has been reported that 75% to 90% of neonatal
calf diarrhea is associated with rotavirus, coronavirus, entero-
toxigenic E. coli and Cryptosporidinm spp. (Senturk, 2018).

Rotavirus usually causes diarrhea in 1 to 2 week old calves.
The virus has a very short incubation period of 12-24 hours
and induces peracute diarrhea in affected calves. The virus
replicates in the cytoplasm of small intestinal villus epithelial
cells. Viral infection causes villous atrophy and usually affects
the caudal part of the small intestine. After being infected,
calves shed large amounts of virus in the feces for 5-7 days
(Steele et al., 2004).

Coronavirus infection can occur in cattle as three separa-
te clinical pictures. These symptoms are a diarrheal complex
consisting of winter dysentery in 1-2 week old calves and he-
morrhagic diarrhea in adult animals and a complex of bovine
respiratory disease in both young and adult cattle (Liu L, et
al., 2006). The pathogenesis of coronavirus and rotavirus is
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similar. However, atrophy of both the small and large intesti-
nes is more common in coronavirus infections (McGavin and
Catlton, 1995).

The first 4 days after birth is the period when newborn cal-
ves are most susceptible to Escherichia coli infection (Foster
and Smith, 2009). E. /i septicemia is common in neonatal
cases. The most common cause of diarrhea in calves is
entero-toxigenic Escherichia coli (ETEC) (Nataro and Kaper,
1998).

between 2019-2020.
MATERIAL AND METHODS

The animal material of the study was collected from 20
Simmental, 24 Holstein, and 6 other breeds, at the age of 1-30
days, with neonatal calf diarrhea detected in Burdur Mehmet
Akif Ersoy University Animal Hospital Clinics and other far-
mers in the region between 2019-2020. (Table 1).

Table 1. Gender distribution of calves with neonatal diarrhea.

Gender Number of Calves (n) Ratio to Total Number of Calves (%)
Female 21 %042

Male 29 %58

Total 50

Infected calves with Cryptosporidinm spp may be asympto-
matic or develop severe diarrhea leading to dehydration (Fayer
R., 2010). The disease causes severe villous atrophy and causes
long-term malnutrition and growth retardation in infected ani-
mals (Nydam and Mohammed, 2005). Although calves can be
infected with giardiasis from the age of 4 days, the 4-12 week
period is the period in which stool cyst distribution is most
common (O’Handley et al., 2003).

Neonatal calf diarrhea is a complex condition due to its
multifactorial nature. Therefore, considering the risk factors
of each pathogen that detects pathogens with laboratory tests
and ensuring correct farm management may be beneficial in
controlling calf diarrhea. With the rapid test kits developed in
recent years, the diagnosis of some of the factors that cause
diarrhea in calves can be determined quite easily under field
conditions, without the need for a laboratory environment and
experienced personnel.

This study was carried out to determine the prevalen-
ce of E coli, cryptosporidium spp, giardia, rotavirus and coro-
navirus agents in newborn calves brought to Burdur Mehmet
Akif Ersoy University Animal Hospital Clinics and diagnosed
with diarrhea in farms in the center and districts of Burdur

General clinical examinations of calves with diarrhea were
performed. In stool samples, Commercial in vitro Rapid Di-
agnostic Test (BoviD-5 Ag Test kit, Bionote, Inc. Korea) was
used for the detection of rotavirus, coronavirus, cryptospo-
ridium, E. ¢k (K99) and Giardia spp. The tests were
performed according to the manufacturer’s test procedure.

RESULTS

In this study, while no agent could be detected in 30%
(15/50) of calves with diarrhea, some enteropathogenic
agents were detected in 70% (35/50) of them. Of these en-
teropathogenic agents, 24% (12/50) of the calves were Cr-
yptosporidinm spp., 12% (6/50) rotavirus, 6% (3/50) E. coli
K99, 6% (3/50) of the calves Giardia spp, 2% (1/50)
coronavirus, 14% (7/50) Cryptosporidium spp. + Rotavirus, 2%
(1/50) Rotavitus + coronavirus, 2% (1/50) Cryptosporidium
spp. + rotavirus + coronavirus + E. /i K99 + Giardia spp,
Cryptosporidium spp. + coronavirus + E. coli K99 + Giardia
spp were detected (Table 2). Mixed enteropathogen was
detected in 20% (10/50) of the calves. In calves with
diarthea, Cryptosporidium spp. at the rate of 42% (21/50) and
rotavirus at the rate of 30% (15/50) were detected as single
and mixed enteropathogens.

Table 2. Distribution rates of enteropathogen agents in calves with neonatal diarrhea

Agent Number of Animals (n=50) Ratio (%)

Positive 35 70

Cryptosporidinm spp 12 24

Rotavirus 6 12

E.Coli K99 3 6

Giardia spp 3 6

Coronavirus 1 2

Cryptosporidinm spp + Rotavirus 7 14
Rotavirus+ Coronavirus 1
Cryptosporidinm spp + Rotavirus+ Coronavirus+E.Co/i K99+ Giardia spp 1
Cryptosporidinm spp + Coronavirus+E.Coli K99+Giardia Negative 1

15 30

MAE Vet Fak Derg, 8(2): 55-60, 2023



The incidence of E. c/i as a single and mixed enteropathogen
was 10%, the rate of Giardia lamblia as a single and mixed en-
teropathogen was 10%, and the rate of coronavirus as a single
and mixed enteropathogen was determined as 8%. Treatment
for the agent detected and symptomatic treatment protocols
were applied to the calves with diarrhea. The treatment re-
sults of the calves were followed up by calling the owners, 26
calves recovered and 11 died. 13 patient owners could not be
contacted. The data of the calves used in the study are given
in Table 3.

When the distribution of neonatal diarrheal calves with en-
teropathogenic agents according to age groups is examined,
13 (37.14%) of diarrhea cases are at the age of 1-7 days, 11
(31.43%) at the age of 8-14 days, 7 (20%) at the age of 15-21
days, and at the age of 15-21 days. It was determined that 4 of
them (11.43%) were 22-30 days old (Table 3). Of the causative
neonatal calves with diarrhea, 17 (48.57%) were female and
18 (51.43%) were male. When the recovery rates of the calves
with neonatal diarrhea were examined, the information that

Table 3. Data of calves with detected enteropathogen

Mamak, Kiyici, Sahinduran...

7 of the calves died and 19 of them recovered was obtained
from the owners of the patients, and the owners of 9 calves
could not be reached. 18 of these calves were from Holstein,
14 of them were from Simmental and 3 of them were from
other breeds.

DISCUSSION

Detection of enteropathogens in stool with rapid diagnos-
tic kits has advantages compared to other diagnostic methods,
such as rapid results in field conditions, inexpensive, simp-
le and easy application, analysis of more than one factor at
the same time, and determination of treatment strategies in
a short time, without the need for a laboratory environment
(Kaya and Coskun, 2018).

Many researchers in our country, in various provinces, con-
ducted studies to reveal the etiological factors in diarrhea cases
of calves in the neonatal period with different methods such
as agent isolation, search for parasites in the stool, serological

Current status of

the patient Patient’s race Age (days) Gender Agent
1. Died Holstein 20 Male Cg/ptogzg%%dmm
2. Healed Holstein 11 Female C@/pfosgggdmm Rota virus
3. Healed Norvegian red 6 Female Rota virus  Coronavirus
4. Healed Simmental 8 Female Cop tog;}o)rédz’um Rota virus
5. Not reached Holstein 22 Female Giardia spp
6. Healed Simmental 2 Male E.coli
7. Not reached Simmental 10 Male Cg/p;‘oflzgf)%dmm Rota virus
8. Healed Hybrid 10 Male Coronavirus
9. Healed Simmental 10 Female C U/ptox]gggdmm
10. Healed Simmental 7 Male Cg/ptogggédmm Rota virus
11. Not reached Simmental 24 Male Rota virus
12. Died Holstein 10 Female Giardia spp
13. Died Belgian blue 10 Female C@/pfmjsaf)%’dmm Coronavirus  E.coli  Giardia spp
14. Not reached Simmental 11 Male Cg/pz‘oggz};;f)‘diﬂm
15. Died Holstein 15 Female Cgplo;;s)f)flgdmm Rota virus  Coronavirus Giardia spp
16. Healed Holstein 3 Female Rota virus
17. Not reached Holstein 11 Female Rota virus

MAE Vet Fak Derg, 8(2): 55-60, 2023
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Table 3 Continue. Data of calves with detected enteropathogen

Current status of

1 3
the patient Patient’s race  Age (days) Gender Agent
18. Not reached Holstein 15 Male CWPZ‘ZA};;ﬂdmm
19. Healed Simmental 3 Male Rota virus
20. Healed Holstein 10 Male Cﬂpfffj;ﬁdmm Rota virus
21. Died Holstein 4 Male prf?;;ﬂdZﬂw
22. Healed Simmental 8 Male CD’WZJ?;’”{WW
23. Died Holstein 15 Female Cryptosporidinm
spp
24. Not reached Simmental 7 Male Cryptosporidinm
spp
25. Not reached Simmental 5 Female Cryptosporidinm
spp
26. Healed Holstein 15 Female Cryptosporidinm Rota virus
spp
27. Healed Simmental 4 Male C?ypf?;;”dm’ﬂ Rota virus
28. Healed Holstein 15 Male Cryptosporidinm
spp
29. Healed Simmental 2 Female E.coli
30. Healed Holstein 15 Male Cryptosporidinm
spp
31. Died Simmental 28 Female Giardia spp
32. Not reached Holstein 2 Female F.ooli
33. Healed Holstein 7 Male Cryptosporidinm
spp
34. Healed Holstein 7 Male Rota virus
35. Healed Holstein 11 Female Rota virus

examinations or the use of rapid test kits (Kaya and Coskun,
2018).

In this study, calf stool samples were taken and immuno-
chromatographic test kits were used, which can diagnose dif-
ferent enteropathogens within 10-15 minutes and give rapid
results (Klein et al., 2009). Mixed enteropathogens, in which
at least two of these disease factors were found together, were
diagnosed in 10 of 35 patients evaluated in the study. 5 entero-
pathogens were diagnosed together in 1 of these 10 patients,
4 enteropathogens were diagnosed together in 1, and 2 ente-
ropathogens were diagnosed together in 8 of them. Diarrhea
caused by a single enteropathogen was detected in 25 patients.
Of these 25 patients, 12 of them were cryptosporidium spp.,
6 of them rotavirus, 3 of them Giardia lamblia, 3 of them E.
coli K99 and 1 of them coronavirus, alone caused diarrhea
(Table 2). Diarrhea in mixed infections can develop as
osmotic and secretory. In such cases, rotavirus, coronavirus,

Cl. Perfi-

ringens, Cryptosporidinm and E. coli two or more factors may
coexist, leading to the development of osmotic and secretory
diarrhea. It has been reported that mixed infections increase
the severity of the disease (Baljer and Wieler, 1989).

Among the parasitic agents of neonatal diarrhea, Cryp-
tosporidinm spp constitutes a zoonotic disease with diarrhea,
with a high probability of death in young and immune-com-
promised patients (Birdane, 2017). In studies conducted in
our country, ((Kulig and Coskun, 2019) determined Cryp-
tosporidinm spp at a rate of 7% by rapid ELISA method (Citil,
2003; Al and Balikci, 2012), but they could not detect
Cryptosporidium spp in calves with diarrhea with the same
method. Emre and Fidanct (Emre and Fidanci, 1998)
detected Cryptosporidium spp infection in feces with a rate of
63.3% using the safranin methylene blue technique. Citil et al.
(2003) found 32.9% Cryptosporidinm spp. in stool samples in a
study they conducted in Kars region. Kaya and Cogkun
(2018) found

MAE Vet Fak Derg, 8(2): 55-60, 2023



the rate of Cryprosporidium spp to be 11.21% in the province
of Tokat. Kilig and Coskun (21) detected 7% of
cryptosporidi-um spp in calves with diarrhea in Sivas. In the
calves used in this study, Cryprosporidium spp the incidence as
a single and mixed enteropathogen was found to be 42%.
This rate differs from the values reported by other
researchers. This difference may be due to the different

methods used. . .
Rotavirus infections are one of the important causes of

diarrhea in the neonatal period. This virus usually causes in-
fection in calves aged 4-21 days, with 100% morbidity and
2% mortality (Sahal, et al., 2018). In studies conducted in our
country in calves with neonatal diarrhea (Duman R ve Aycan
AE., 2010), rotavirus infections were found between 8.5-53%.
Kaya and Coskun (Kaya and Coskun, 2018) found rotavirus
infection in Tokat province to be 44.86%. Kulig and Coskun
(Kulig and Coskun, 2019) found rotavirus infection at a rate of
22% in calves with diarrhea in Sivas. In studies related to the
subject abroad, it has been reported that the incidence of this
factor varies between 7-80% (Azkur and Aksoy, 2018). The
incidence of rotavirus as a single and mixed enteropathogen
in the calves used in this study was found to be 30%. This rate
is between the percentiles reported by other researchers. In
studies conducted in Turkey, the prevalence of rotavirus infec-
tions in calves with diarrhea at the age of 1-28 days was found
to be between 0-53% (Alkan, 1998). The fact that a total of
35 calves with diarrhea included in this study were in this age
range was found to be compatible with the average age range
determined in previous studies.

Escherichia coli 1s one of the leading factors among the
bacteria that cause neonatal diseases in calves. Itis a factor that
causes fatal diarrhea in the first week of neonatal life from one
day old. It mostly causes diarrhea in calves younger than 4 days
old (Sahal, et al., 2018). In studies conducted in our country,
E. coli infections were found between 11.88-69.3% (Sen, et al.,
2013). Kaya and Coskun (Kaya and Coskun, 2018) detected
7.48% of E. coli in Tokat province. Kiilig and Coskun (Ku-
lig and Coskun, 2019) determined E. coli at a rate of 26% in
mixed form in calves with diarrhea in Sivas. The incidence of
E. coli as a single and mixed enteropathogen in the calves used
in this study was determined as 10%. This rate is lower than
what many researchers have reported. This difference may be
due to the different methods used.

Giardia lamblia is another parasitic agent of parasitic diar-
rhea in newborns. It is a protozoan that can be found in the
small intestines during the 4-day to 12-week period of the neo-
natal period (Kaya and Coskun, 2018). In studies conducted
in our country, Giardia lamblia infections were detected
between 1.98% and 16.82% (Sen et al., 2013). Kaya and
Coskun (Kaya and Coskun, 2018) found giardia to be 16.82%
in Tokat pro-vince. In studies related to the subject abroad, it
is stated that the incidence of this factor varies between
17-73% (Sen et al., 2013). The incidence of Giardia lamblia as
a single and mixed enteropathogen in the calves used in this
study was determi-ned as 10%. This rate is among the
percentiles reported by researchers in our country.

Coronavirus is another important viral diarrhea agent in the
neonatal period. It mostly causes approximately 100% morbi-

Mamak, Kiyici, Sahinduran...

dity and 50% mortality in 4-21-day-old calves (Sahal M, et al.,
2018), (Gul Y., 2016). In studies conducted in our country, co-
ronavirus infections were detected between 1.04% and 37.1%
(Uyunmaz et al., 2019). Kaya and Coskun (Kaya and Coskun,
2018) found the rate of coronavirus in Tokat to be 9.35%.
Kilig and Cogskun (Kulig and Coskun, 2019) detected 9%
mixed coronavirus infection in calves with diarrhea in Sivas.
In studies related to the subject abroad, it is stated that the
incidence of this factor is between 3 and 80.8% (Citil et al.,
2003). The incidence of coronavirus as a single and mixed en-
teropathogen in the calves used in this study was determined
as 8%. This rate is in line with the studies conducted.

Diarrhea factors detected in this study are found at different
rates, both in our country and abroad, it can be affected by
many factors such as the number of materials used, the variety
of methods, the diversity of the causative population in barns
or businesses, the awareness and sensitivity of animal owners
to neonatal calf diarrhea, the season in which the study was
conducted, and the geographical region. The results obtained
in this study, when compared with other studies, Cryptospori-
dium spp. and E. coli rates are similar. (Baljer and Wieler 1989;
Kulig and Coskun, 2019)

As a result, in neonatal calf diarthea, Cryptosporidium spp
and rotavirus agents are common and necessary precautions
should be taken in enterprises against these agents, attention
should be paid to the care and nutrition of calves against these
enteropathogens as well as other enteropathogens, colostrum
management for calves to receive adequate colostrum and
vaccination programs for pregnant cows and calves concluded
that it should be implemented.
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ABSTRACT

Hydatid cyst or Cystic Echinococcosis continues to be an important problem in terms of public
health as well as animal health in regions with low socio-cultural level where preventive medicine
cannot be fully performed. In this study, it is aimed to make an evaluation about the situation of the
cattle slaughtered in the region by examining the lungs and livers of the cattle slaughtered in a private
abottoir in Eskisehir in terms of hydatid cyst. For this purpose, 150 cattle cuts were observed and
tissue samples were taken from 36 lungs and 21 livers of 46 animals due to suspicious cyst structure
in macroscopic examinations. They were fixed in 10% buffered formalin solution for histopatho-
logy. After routine histopathology process, 5 micron sections were taken from paraffin blocks. Each
section was stained according to the procedure with HE, MT and PAS stains, respectively. At the end
of the research, hydatid cyst was determined in 26 of 150 cattle (17.33 %). At the organ level; The
numbers of hydatid cyst seen in the lung is 22 (14.67%), in the liver is 10 (6.67%) and 6 (4%) both
in the lung and liver. In microscopic examinations, protoscolex was also observed in 18.18% of hy-
datid cysts located in the lung and 20% of cysts located in the liver. As a result, 17.33% hydatid cyst
was determined in the cattle slaughtered in slaughterhouse in Eskisehir. It is concluded the disease

should be considered for public health in this region in terms of its zoonotic character.
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INTRODUCTION

Hydatid cyst (HC) or Cystic Echinococcosis (CE) is a zoo-
notic, parasitic infection that manifests itself with fluid-filled
cysts in intermediate host organs by the larvae of the para-
site Eichinococcus granulosus. 1t is more common in places where
pasture farming is common and in areas where illegal animal
slaughter cannot be prevented (Sayir and Cobanoglu, 2013,
Tilkan et al., 2018). The genus Echinococcus is a patasite be-
longing to the Taenidea family of the Cyclophylidea order
from the Cestoda subclass of the Cestoidea class, and 4 spe-
cies are known today. These; Echinococcus granulosus, Echinococcus
alveolaris (multiocularis), Echinococcus vogali and Echinococeus oligar-
thus. The most common species in the world are; Echinococcus
granulosus and Echinococcus alveolaris (Eckert and Deplazes, 2004;
Tilkan et al., 2018). Echinococcus granulosus has 10 genotypes
(G1-G10) identified so far. Of these 10 different genotypes,
G1 and G2 were detected in sheep, G3 and G5 cattle, G4
horses, G6 camels, G7 and G9 pigs, G8 deer and G10 reindeer
(Thompson and Lymbery, 1995; Thompson and McManus,
2002; McManus and Thompson, 2003). It is stated that at least
7 of these strains are contagious to humans (Eckert and De-
plazses, 2004).

The adult form of Echinococcus granulosus settles in the in-

To cite this article:

testines of dogs, foxes, wolves and coyotes. The larval form
of the parasite is intermediate in humans and herbivores; It is
known as Hydatidosis, Cystic Echinococcosis or Hydatid Cyst
(Fisser, 1988; Craig and Regan, 2003; Sayir and Cobanoglu,
2013). The disease is transmitted by the fecal-oral route. In-
fected eggs produced by the parasite living in the small intes-
tine of the main host are excreted with the feces. Intermediate
host animals and humans ingest these eggs. Oral oncospheres
are released by the action of pepsin enzyme in the stomach
and bile salts in the duodenum. The oncospheres released in
the duedonum are attached to the intestinal wall with their
hooks. Oncospheres that enter a small vein or lymph duct with
their destruction of the intestinal wall are passively transport-
ed to the liver. While most of the oncospheres are attached
to the liver, the ones that cannot be adhered to come to the
right ventricle of the heart and are carried from there to the
lungs, where the oncospheres are most frequently attached.
Apart from these, oncospheres can also go to all tissues and
organs of the body via the aorta and settle in different tis-
sues (McManus et al 2003; Yidiz and Tuncer, 2005; Tilkan
et al., 2018; Wen et al.,, 2019). About 5 days after ovulation,
the metacestode consists of an inner cellular layer (germinal
layer) and an outer acellular (laminar) layer with a diameter of
60-70 pm. The cyst enlarges and turns into a granulomatous
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tissue with the host reaction after a while. Afterwards, a typical
appearance is formed by the fibrous tissue reaction. Although
the exact time required for the development of protoscolex
cannot be defined, it is reported that it may take more than 10
months after infection (Eckert and Deplazses, 2004).

Hydatid cysts are uni or multilocular cysts lined with germi-
nal epithelium and consist of three layers. These are from the
inside out; They are defined as endocyst, exocyst and pericyst.
Endocyst is the germinal layer where budding takes place. The
exocyst (cuticle) forms the outer layer of the cyst. It has se-
lective permeability. The pericyst is not a parasitic structure
but a fibrous capsule formed by the host (Beigh et al., 2018).
Typical layered structure of hydatid cysts, necrosis around the
cyst wall, concomitant inflammatory cell reaction, and forma-
tion of foreign body giant cells are the defining findings in
HE staining of histopathological sections (Beigh et al., 2017a;
Beigh et al;; 2017b). It is reported that PAS staining of the
acellular laminar layer of the cyst will be confirmatory in the
histopathological diagnosis of the disease (OIE, 2017).

Different results have been seen in slaughterhouse studies
on HC in Turkey. Oge et al. (1998) examined the liver and
lungs of 1941 cattle slaughtered in their slaughterhouse study
in Ankara and found HC in 185 animals (9.5%). Researchers
reported 32.9% involvement in the lung, 30.2% in the liver,
and 35.6% in both organs together. In the study conducted by
Celep et al. (1990) in Samsun region, the rate of HC in cattle
was reported as 21.1%. In the study conducted by Gicik et al.
(2004) in Kars, HC was reported in 150 (31.25%) of 480 cattle,
and the rate of localization in the liver was 80%, the rate of
localization in the lung was 64%, and the involvement in both
organs was 44%. Researchers reported the rate of cystic echi-
nococcosis in sheep as 63.85% in the same study. In a study
conducted in Kiritkkale, HC was found in 120 (14.17%) of 847
cattle brought to the slaughterhouse. It has been reported that
49.16% of positive cases are located in the lung, 16.68% in the
liver, and 34.16% in both the lung and liver (Yildiz and Tuncer,
2005). In another study conducted in Sivas, the lungs and livers
of 765 cattle slaughtered were examined and HC was found in
273 animals (35.7%). These cysts were seen in the lungs of 103
cattle (13.5%), in the liver of 66 cattle (8.63%), and they were
reported together in the lungs and liver (13.6%) of 104 cattle
(Ac16z et al., 2008).

In a study conducted in cattle slaughtered in 3 different
slaughterhouses in Afyonkarahisar, CE was found with a rate
of 29.47%, the detected cysts were reported to be in only the
liver with a rate of 44.06%, and only in the lung with a rate of
30.85% and in the liver and lung at a rate of 23.73% (Kose
et al., 2008). In another study conducted in Kayseri, HC was
found in the livers of 9 (3%) of 300 cattle slaughtered in a
slaughterhouse (Duzli et al., 2010). In a study involving Ordu
and Erzurum regions, Fidan and Kapakin Terim (2016) detect-
ed 12% HC as a result of macroscopic and microscopic exam-
ination of the lungs of the cattle slaughtered in the slaughter-
house. On the provincial basis, the researchers reported the
incidence of hydatid cysts in the lungs of cattle as 14.86% in
the Erzurum region and 11.26% in the Ordu region.

It is seen that HC is an important zoonotic disease that af-

fects animal and human health together. No study was found
regarding the presence of HC in the cattle slaughtered in Es-
kisehir in the literature surveys made as of the time of the
study. In this study, it was aimed to examine the pathomorpho-
logical HC status of slaughtered cattle in Eskisehir, which is
among the leading cities in the agriculture and livestock sector
in the Central Anatolia Region.

MATERIAL and METHODS
Study Material

After obtaining permission from a private slaughterhouse
operating in Eskisehir, 150 cattle cuts were examined. Belong-
ing to 46 animals that were suspicious in macroscopic exam-
inations; a total of 57 samples (36 lungs and 21 liver) were
taken. After the samples were numbered, they were placed
in 10% buffered formaldehyde solution and brought to the
Laboratory of the Department of Pathology, Faculty of Vet-
erinary Medicine, University of Selcuk for histopathological
examinations.

Histopathology Procedures and Evaluation

The samples, which were reduced appropriately for paraffin
blocking, were taken into numbered tissue cassettes and kept
for 10-12 hours in a freshly prepared 10% buffered formalin
solution for the second time. After fixation, they were kept
under running water for 12 hours in order to remove the for-
malin effect from the tissues. After washing, the tissues were
transferred to an automatic tissue tracking device (Leica TP
1020) for dehydration and xylol processes. Graded alcohol-xy-
lol treatments were completed in accordance with the device
instructions and tissue follow-up protocol (Luna, 1968). Par-
affin blocks were prepared from tissue samples whose dehy-
dration and transpatrency processes were completed. By means
of a microtome (Leica RM 2125 RT), sufficient 5 micron sec-
tions were taken for HE, PAS and MT staining and kept in an
oven at 37 0C until staining, All sections were first stained with
HE (Hematoxylin-Eosin) and the needed ones were stained
with MT (Masson’s Trichrome) and PAS (Periodic Acid Schiff)
staining methods (Luna, 1968; Presnell and Schreibma, 1997).
During the microscopic examinations, the photographs of
the suitable samples were taken (Olympus DP12 Microscopic
Digital Camera Systems).

RESULTS
Macroscopic Findings

In macroscopic examinations; It was observed that the cysts
observed in the lung and liver were generally protruding from
the organ surface, and their free parts were surrounded by a
hard and mostly transparent cyst wall. In the measurements
made, it was determined that the cysts ranged between 0.2-6
cm (Figure 1). The macroscopic location information of hy-
datid cysts in the lung and liver is given in Table 1.

Microscopic Findings
HC structures in 4X, 10X and 20X examinations of HE

MAE Vet Fak Derg, 8 (2): 61-68, 2023
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Figure 1. Multiple and different sized HC structures. Lung

Table 1. Macroscopic location of hydatid cysts in the lung

Organ Type of the cysts Location of the cysts

Lung Single cyst Multiple cysts ~ Cranial ~ Caudal ~ Both sides
12 10 7 11 4

Liver Single cyst Multiple cysts ~ Dorsal ~ Ventral — Both sides
8 2 4 5 1

stainings, respectively; the innermost slightly pink colored ger-
minal layer was surrounded by a more pink homogeneously
colored outer laminar layer (cuticle) located adjacent to the
germinal layer from the outside. The parasite had a typical
granuloma appearance with necrosis around the cyst wall, an
area of inflammatory cells of varying density, and fibrous en-
capsulation at the outermost part (Figure 2, a and b). In larger
objective (X40) examinations of histopathological sections,
budding surface on the thin structure of the germinal layer
and protoscolex formations in some sections were noted. Ne-
crotic parenchyma tissue was observed in the area immediate-
ly adjacent to the laminar layer with a more homogeneously
stained acellular laminar layer (Figure 2, ¢ and d).

In microscopic examinations, protoscolex was detected in 4
(18.18%) of 22 lung sections and 2 (20%) of 10 liver sections.
While protoscolices were mostly adjacent to the germinal lay-
er, they were seen free within the cyst in fewer cases (Figure
3a). In most of the cases, it was observed that the inflammato-
ry cell line surrounding the parasitic structure was surrounded
by mononuclear cells, eosinophil granulocytes, epithelioid cells
and foreign body giant cells, and the necrotic area sometimes
calcified (Figure 3. b, c and d). It was noted that the laminar
layer was prominently stained in MT staining (Figure 4, a and
b). A strong fibrous proliferation was also observed around
the hydatid cysts in MT staining, In PAS staining samples, it
was revealed that the acellular structures of the parasitic cyst
were positively stained (Figure 4, ¢ and d).

The cases with germinal and laminar layers and/or pro-
toscolex in microscopic examinations after HE, MT and PAS

staining were evaluated as positive for HC. As a result of
the study; HC was determined in 26 of a total of 150 cattle
(17.33%). At the organ level, HC was detected together in 22
(14.67%) lungs, 10 (6.67%) livers, and 6 (4%) of them in both
lung and liver.

In the histopathological examinations of other tissue sam-
ples that were macroscopically suspicious during the slaugh-
terhouse examinations, but HC was not detected in the micro-
scopic examinations; Of 20 lung samples, 7 had emphysema
(6 of emphysema with cyst or pneumonia, 1 without other
lesion), 3 had abscess, and 10 had pneumonia. In liver sam-
ples, abscess in 7 cases and fat degeneration in 4 cases were
detected.

DISCUSSION

In a retrospective study conducted at Eskisehir Osmangazi
University Medical Faculty Hospital for public health aware-
ness purposes, serum samples of 892 patients sent to the Mi-
crobiology Laboratory with the preliminary diagnosis of CE
from various clinics between 2009 and 2019 wete analyzed
with the Ecbhinococens granulosus 1gG ELISA test. Seropositivity
of 30% has been reported. In the study, it was emphasized
that hospital records represent some of the cases and that
CE is still a disease that maintains its importance in Eskisehir
(Dogan et al., 2020). In the literature review of CE disease,
which is seen as a zoonosis of great importance in terms of
public health, no pathology-oriented study was found that re-
vealed the presence of HC in cattle slaughtered in Eskisehir
as of the period of the thesis study. In 150 cattle included in
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layer (black arrows), area of necrosis (N), inflammatory infiltration (white arrow) and liver
parenchyma (P), liver, HE, 4X b) germinal and laminar layer (black arrow), inflammatory
infiltration zone ( white arrow) and fibrous capsule (FK) lung, HE, 10X ¢) germinal and
laminar layer (black arrow), area of necrosis (N), inflammatory infiltration (white arrow),
fibrous capsule (FC) and liver parenchyma (P), liver, HE, 20X d) germinal layer (white
arrow) laminar layer (LK), necrosis area (N) and mononuclear cell reactions with epithelioid

cells further down. Liver, H-E, 40X

our study, HC was determined at a rate of 17.33% after histo-
pathological examinations.

In the other studies on hydatid cyst in cattle in Turkey; In
Samsun 21.1% (Celep et al., 1990), 3% in Kayseri (Dtzli et al.,
2010), 9.5% in Ankara (Oge et al., 1998), 14.17% in Kirikkale
(Yidiz and Tuncer, 2005), 29.47% in Afyonkarahisar (K&se
et al., 2008), 31.25% in Kars (Gictk et al., 2004) and 35.7% in
Sivas (Ac16z et al., 2008) have been reported. It is reported that
hydatid cysts, which can be seen in every region of Turkey, are
mostly encountered in Eastern Anatolia, then Central Anatolia
and Marmara regions, respectively (Cobanoglu, 2016).

Considering the above data, in our study on HC in the lungs
and livers of cattle in the Eskisehir region, a lower level of
cysts was observed compared to the Eastern Anatolia Region.
Epidemiologically, CE in humans occurs mostly in rural ar-
eas where dogs are kept for herd protection (McManus et al.,
2003). In this respect, there is an important relationship be-
tween the primary host of the parasite, carnivores, and inter-
mediate host herbivores and humans. Turkey is defined as an
endemic region in terms of CE and alveolar echinococcosis in
humans (Altintas, 2003).

In the macroscopic examinations of the presented study,
HC focus was found to be single in 12 lungs, more than once

64

in 10 lungs, and in the liver single in 8 patients and more than
once in 2 patients. While the cysts were sometimes completely
lost in the parenchyma tissue, they were mostly visible from
the surface. In the lung, cysts were found only in the caudal
lobes in 11 cases, and only in the cranial lobes in 7 cases. In 4
cases, localization was observed in both lung regions. In the
liver, it was located dorsal in 4 cases, ventral in 5 cases, and
was distributed on both sides in 1 case. As Beigh et al. (2018)
stated, it was thought that the looser spongy structure of the
lung tissue and the wider vascular network caused the parasite
larvae to spread more easily in this tissue.

After the parasite’s egg is ingested by the intermediate hosts,
the embryo, which is released from the egg, which is broken
down by the effect of bile salts in the duodenum, passes
through the jejunum and ileum wall to the portal vein, perid-
uodenal and perigastric lymphatics and reaches the liver first.
For this reason, it has been reported that the liver is affected
first at a rate of 60-70%, and the lungs are the location of the
agent at a rate of 20-25%, except for the liver (McManus et al.,
2003, Tilkan et al., 2018, Wen et al., 2019). In the study con-
ducted by Gicik et al., (2004) in Kars, it was stated that the rate
of localization of cysts in the liver was 80%, and the rate of lo-
calization in the lung was 64%. Kése et al. (2008) reported that
it was seen only in the liver with a rate of 44.06% and only in
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Figure 3. a) Germinal layer (black short arrow), prétoscolex (black long arrow), laminar
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layer (white arrow), and area of necrosis (N). Lung, H-E, 40X b) Deposition of eosinophil
granulocytes and mononuclear cells around HC (white arrow), germinal and laminar layer
(black arrow), necrosis (N), H-E, 20X ¢) germinal and laminar layer (black arrow), foreign
body giant cells. Lung, H-E, 10X d) foreign body giant cell (black arrow) and calcification

(white arrow). Lung, H-E, 40X.

the lung with a rate of 30.85%. Contrary to the reported rates
of HC at the organ level in our study, it was detected more in
the lung with a rate of 14.67%, followed by the liver with a rate
of 6.67%. It is known that the larvae usually come to the lung
from the hepatic sinusoids. Apart from this, it has been report-
ed that it can come directly through the lymphatic system or
through the bronchiole channel, and in this way, the lung can
be the primary localization organ by inhaling the eggs (Morar
and Feldman, 2003). In our study, the rate of co-occurrence in
both organs was found to be 4%. In studies where more HC
was detected in the lung; Oge et al (1988) reported 32.9% in
the lung, 30.2% in the liver, Yildiz and Tuncer (2005) reported
49.16% in the lung, 16.68% in the liver, Ac16z et al. (2008)
reported it as 13.5% in the lung and 8.63% in the liver. Fidan
and Kapakin Terim (20106), on the other hand, determined the
incidence of hydatid cysts in the lungs of cattle slaughtered
in the slaughterhouse to be 14.86% in Erzurum and 11.26%
in Ordu, in their study involving Ordu and Erzurum regions.

In our study, HC structures in HE staining were determined
as the innermost cyst as stated in the literature (Li et al., 2008;
Altun and Saglam, 2014; Fidan and Kapakin Terim, 2016;
Beigh et al. 2017a; Beigh et al. 2017b; Beigh et al. 2018). The
slightly pink colored germinal layer surrounding the cavity was
seen as budding in places on the inner surface of this layer and
protoscolex structures developed from here in some sections.
In our present study, protoscolex was detected in 4 (18.18%)

of 22 lung sections and 2 (20%) of 10 liver sections. Cysts
are called fertile or infertile (sterile) according to the presence
of protoscolex. Although the mechanisms explaining the cyst
fertility status are not clear, it is stated that the host immune
reaction plays a very important role in this formation. In fer-
tile cysts, protoscolices may be tightly attached to the germinal
layer or may be found freely in the cyst fluid. There is no such
protoscolex structure in infertile cysts (Hidalgo et al., 2019).

The germinal layer is accepted as the parasite itself, and it is
stated that the laminar layer, which supports it and forms the
most resistant part of the cyst, is composed of a protein-poly-
saccharide complex predominantly consisting of glucosamine
and galactosamine. The pericyst region, which is initiated in
the early developmental stages of the post-oncospheres, is an
indicator of the host’s inflammatory response. The intensity
of the reaction is variable for each host and also affects larval
development (Solcan et al 2010). Hydatid cysts can cause ad-
vanced damage to the tissues they are located. With the disrup-
tion of the integrity of the cyst, it may spread to other organs,
and may occasionally lead to anaphylactic reactions (Barnes et
al., 2011). In the samples examined in our study, necrosis was
observed in the regions adjacent to the laminar layer, emphy-
sema in the alveoli in the lung, degeneration in the hepatocytes
in the liver was observed around the fibrous capsule.

In the present study, a strong reaction was noted in which
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Figure 4. a) Fibrous proliferation on the left and germinal and laminar layer on the far
right (black arrow), MT staining, 10X b) Germinal layer (black arrow) laminar layer (white
arrow) and areas of necrosis (N), MT staining 40X c¢) Granular of HK and PAS (+)
staining of laminar layers (black arrow), 40X, lung d) PAS (+) staining of granular and

laminar layers (black arrows), 40X, liver.

the cysts were surrounded by a very intense fibrous prolifera-
tion. In a study on the increase in fibrous proliferation in the
liver of CE patients, it was shown that miR-19 expression was
significantly decreased compared to the normal liver, and it
was stated that Echinococcus grannlosus could inhibit miR-19 liver
expression and lead to fibrous proliferation with a number of
mechanisms (Zhang et al., 2016).

In our study, it was observed that the acellular structures of
the parasitic cyst gave a positive reaction in the PAS staining
samples. The acellular laminar layer is a carbohydrate protein
complex containing galactose, galactosamine and glucosamine
as the main component of the polysaccharide part and gives
a strong response to the Schiff reaction in PAS staining, It is
known that the laminar layer consists of various mucopolysac-
charide and keratin structures and functions to maintain the
physical integrity of the hydatid cyst and protect the germinal
layer cells from host immunity. Especially in the 14-18th day
of cyst formation. While it was not yet present until today, it
begins to appear as a thin, transparent layer in the next process
(Diaz et al.,, 2011; Beigh et al., 2017b). In our study, it was
also noted that the laminar layer was stained quite well in M'T
staining, Similarly, fibrous proliferation around the HC was
confirmed by MT staining.

CONCLUSION

In conclusion of the presented study, HK was determined

at a rate of 17.33% after histopathological examinations in 150
cattle slaughtered in a private enterprise operating in Eskisehir.
The incidence of cysts in the lung was 14.67%, the incidence
in the liver was 6.67%, and the incidence of both was 4%. In
microscopic examinations, protoscolex was also observed in
18.18% of hydatid cysts located in the lung and 20% of the
cysts located in the liver. In line with the findings obtained
in the study, it has been evaluated that HC are at a rate that
should be taken into account in cattle slaughtered in the Es-
kisehir region, and that it may cause important problems in
terms of public health as well as animal health.
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}Cl?;topatholo . In recent years, many Helicobacter species have been identified in domestic animals and researches

real-time pci on identifying these species as zoonotic agents are increasing, The aim of this study is to reveal the

H. beilmannii presence of H.heilmannii in stomach and liver tissues taken during necropsies of domestic, stray and
shelter cats by comparing the histopathological findings and Real-time PCR results. The material of

the study consisted of stomach and liver tissues taken from 41 cats who died from different causes

%eccciivtejd %%(1)%58% and were necropsied. DNA of H. beilmannii was determined in the stomach tissues of 36 (87.8%)
Publighed Online : 31.08.2023 cats and the liver tissues of 24 (58.5%) cats in the study conducted with Real-time PCR using spe-
Article Code : 1218001 cific primers of H. heilmannii. Histopathologically, degeneration, desquamation and necrosis in the

gastric epithelium, fibrosis and edema in the lamina propria, and lymphoplasmatic cell infiltration

were detected in cats diagnosed with gastritis. Eight cats were positive in Hematoxylin-Eosin stai-
Correspondence: ning and nineteen cats were positive in the staining with Warthin Starry of the sections, in terms of
G. AKCAKAVAK Helicobacter-like microorganisms. Microscopically, dissociation in the remark cords, hydropic dege-
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neration in hepatocytes, and focal mononuclear cell infiltrations in some sections were determined
in the livers. In conclusion, the detection of H. heilmannii at the rate of 87.8% in cat stomachs by
Real-time PCR revealed a high prevalence of H. beilmannii in cats in the Konya region of Turkey. In
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INTRODUCTION tive gastritis, its pathogenicity in cats and dogs in terms of

, ) . . gastritis, peptic ulceration, and chronic vomiting remains unc-
Helicobacter beil, isa 4 to 10 pm lon iral-shaped o
crcovacter peimannit 1S a G to pm long spiral-shaped, Jear (Matos et al., 2020). Researchers reported that the majority
three to eight he{%lcal’ ﬂag.e.llz.lted and ,H},Otﬂe bacterium previ- ¢ ppibaoer infections in cats and dogs were asymptomatic
ously known as “Gastrospirillinm bominis™ Murray et al,, 1995). (Oto et al., 1994; Eaton et al., 1996; Norris et al., 1999). In ca-
Ac.cordn}g to reports, St}ldles on cats g.suallyf identify the Ho o5 of gastritis of different severity associated with Helicobacter
b ?Z//?ﬂl%ﬂll, H. pj{””’ H. felis, H. bizzozeronii, and H. salomonis spe- species, lymphocyte and plasma cell infiltrations with eosinop-
cies (Kubota-Aizawa et al., 2017, Brgyette., 202.0; Matos etal,, ;) leukocytes have been reported. It has also been described
2,020,) : These agents have also been 1der.1tlﬁed n human 835t that the stomach glands were enlarged, and fibrosis was de-
ric biopsies, and studies have been published stating that they . ineqd microscopically (Erginsoy et al., 2006). Husnik et al.
may be zoonotic (Haesebrouck et al.,. 2009;”Tabr1z? etal.,, 2015; (2022) stated that although Helicobacter species were identified
Blois, 2020). It is known that H. heilmannii colonizes the sto- during microscopic examinations of the stomachs of dogs
mach znucosa of cats, with detection rates varying from 57% ;. presence of Helicobacter species was not associated with the
to 100% (Hong et al., 2016). severity of the inflammation.

A sequence similarity of 99% was determined between He/i-
cobacter species isolated from cats suffering from gastric disease
and those isolated from humans (Kubota-Aizawa et al., 2017).

Histopathology, cytology, bacterial isolation and identifica-
tion, polymerase chain reaction (PCR) techniques based on the
] - ans /+ replication of the genomic DNA of the agent, and serological
He/zmb.gﬂ‘er species were positive in 40% of nodular gastritis techniques are the main methods used in studies aiming the
cases In humaps, 24% of MALT lymphoma cases, 17% of  yetection of Helicobacter species in cats and dogs (Happonen
chronic gastritis and 33% of gastroduodenal ulcer cases (Na- al,, 1996; Neiger et al., 1999). The aim of this study is to
kamura et al., 2020). H. beilmanniihas been detected in stomach .00 by Real-time PCR and histopathological methods the
biopsies of patients with gasmc symptoms at rates ranging presence of H. heilmannii in stomach and liver tissues taken
from 8% to 19% (Bahadori et al., 2018; Matos et al., 2020). during necropsy from domestic, stray and shelter cats, which

Although H. heilmannii has been associated with chronic ac- died from different causes, and to compare histopathological
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findings with Real-time PCR results.
MATERIAL and METHODS

Aunimal materials

The stomach and liver tissues of 41 cats, who died in 2019-
2022 for different reasons and were brought to the Depart-
ment of Pathology, Faculty of Veterinary Medicine, Selcuk
University for necropsy, constituted the material of the study.
Eleven of the cats examined in the study were from the shel-
ter, and twenty, stray cats brought in by municipal officials and
animal lovers. Ten of the cats were domestic cats. Twenty-four
of the studied cats were female, and seventeen were male. The
related study was approved by SUVDAMEK (Decision no:
2022/75).

Histopathological examination

Stomach and liver samples taken for histopathological exa-
minations were fixed in a 10% buffered formalin solution, and
routine tissue follow-up was performed. The obtained sections
were stained with Hematoxylin-Eosin (HE) and Warthin Star-
ry (WS) methods (Luna, 1968). The prepared sections were
examined under a light microscope (Olympus BX51, Tokyo,

Japan).

N
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Figure 1. Microscopic examination of tissues. A. D

egeneration, desquamation,

RESULTS

Macroscopically, bronchopneumonia was found in 9 cats,
diaphragmatic hernia in 2 cats, myocarditis in 3 cats, trauma
symptoms in 15 cats, and gastroenteritis in 20 cats. Micros-
copic examination of samples taken from the antrum region
of the stomachs revealed degeneration, desquamation and
necrosis of the mucosa and glandular epithelium in ten cats.
In addition, lamina propria edema was observed in these cats.
Mononuclear cell infiltration and fibrosis in the lamina prop-
ria were detected in four stomach samples (Figure 1.A). Eight
cats were found to be positive for Helicobacter-like microor-
ganisms in the HE staining of the sections and nineteen cats
in the WS staining (Figure 1.B). Microscopic examination of
liver samples were determined dissociation of remark cords
and hydropic degeneration of hepatocytes in nineteen cats.
Focal mononuclear cell infiltrations were observed in portal
area in four of the livers examined (Figure 1.C). Helicobac-
ter-like microorganisms could not be detected in HE and WS
staining of liver sections.

DNA of H. heilpannii was detected in stomach by Real-time
PCR in 36 cats. In the study, H. heilpannii rates determined by
Real-time PCR in domestic, stray and shelter cats 80 % (8/10)
, 90% (18/20) and 90,9% (10/11), respectively. The cats iden-

et ‘ T‘ - A =
and necrosis of the lamina ep

inflammatory cell infiltration (arrowhead), HE, x200. B. Helicobacter-like microorganism (arrow), WS, x1000. C. Hydropic degeneration
(arrows) and focal inflammatory cell infiltration (arrowheads) of liver parenchyma, HE, x200.

Real-time PCR (qPCR) examination

Tissue samples taken from the antrum region of the sto-
mach and the right lobe of the liver were stored at -20°C pri-
or to Real-time PCR examinations. The DNA isolation from
stomach and liver samples was performed using a commercial
DNA isolation kit (Roche, MagNA Pure LC DNA, Cat No;
03264785001). The obtained DNAs were stored at -20°C. The
DNA copies of H. heilmannii were detected with a Real-time
PCR device (Light Cycler 2.0, Roche) using primer probes pre-
pared by a private company. Primer sequences used in Real-ti-
me PCR analysis were F: GGG CGA TAA AGT GCG CTIT
G, R: CTG GTC AAT GAG AGC AGG (Neiger ve ark 1998).

Deionized water was used as the negative control.

tified with H. heilmannii by Real-time PCR, 44.44% (16/36)
were male, and 55.55% (20/36) were female. According to
age, 22.22% (8/306) were younger than one year old, 44.44%
(16/36) wete between 1-3 years old, and 33.33% (12/36) were
older than 3 years.

The DNA of H. heilmannii was detected in liver samples
with Real-time PCR in 24 cats using H. heilmannii-specific pri-
mers (Figure 2). Real-time PCR results showed that male cats
constituted 45.83% (11/24) of cats with H. heilmannii found
in liver samples, and female cats, 54.16% (13/24). Cats with
copies of H. heilmannii DNA in their liver 25% (6/24) were less
than one year old, 41.6% (10/24) were between 1-3 years old,
and 33.3% (8/24) were older than 3 years.

DNA of H. heéilmannii was determined in the stomach of
24 cats and in the liver of four cats in the examinations pet-

MAE Vet Fak Derg, 8 (2): 69-73, 2023



formed with Real-time PCR from cats whose histopathologi-
cal findings could not be determined (Figure 2). DNA of H.
beilmannii could not be detected by Real-time PCR in 4 of 12
cats with gastritis in histopathological examinations. The pre-
sence of the DNA of H. heilmannii was revealed by Real-time
PCR in four cats with hepatitis detected in histopathological
examinations.
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microscopic examination. Husnik et al. (2022) reported that
they detected histopathologically epithelial damage, lymphoid
follicular hyperplasia, lymphocytic-plasmacytic cell infiltrati-
ons and fibrosis in Helicobacter positive in dogs. When the his-
topathological findings of our study were evaluated, they were
compatible with the literature.

Ampbfication Curves
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Figure 2. Amplification curves of 24 cases found positive for H. heilmannii by real-time PCR in the liver tissues of the cats examined in the

study. (PC; Positive Control, NC; Negatif Control)

DISCUSSION

There atre studies conducted in both human medicine and
veterinary medicine to reveal the pathology and zoonosis im-
portance of Helicobacter species (Akcakavak et al., 2023; Eaton
etal., 1993; Eaton et al., 1996; Happonen et al., 1998; Jalava et
al., 1997; Jalava et al., 1998; Diker et al., 2002). In their study
on humans, Stolte et al. (1994) determined that 111 of the 125
patients with . heilmannii identified had a history of contact
with one or more animals. Stolte et al. (1994), H. heilmannii
reported that 1.6% of the patients they detected also had H.
pylori. In studies investigating H. heilmannii in cats and dogs, H.
heilmannii was determined at rates ranging from 20% to 100%
(Kubota-Aizawa et al., 2017; Matos et al., 2020) and due to
the fact that humans share their habitats with cats and dogs,
studies have focused on cats and dogs with the suspicion that
these animals may be the source of human diseases with He/-
cobacter species in the actiology (Eaton et al., 1993; Eaton et al.,
1996; Jalava et al., 1997; Jalava et al., 1998; Diker et al., 2002).
The fact that DNA H. heilmannii was determined by Real-time
PCR in 36 of 41 cats examined in this study reveals the im-
portance of studies on the diagnosis and determination of the
prevalence of H. heilpannii in cats.

Hermanns et al. (1995) stated that they detected Helicoba-
cter-like organisms (HLOs) in 76% of cats in their study de-
termining the histopathological changes in cats and dogs with
HLOs. They reported that they detected degeneration in the
gastric gland epithelium, neutrophil granulocyte and lympho-
cyte infiltration, fibrosis and edema in the lamina propria in

Erginsoy et al. (2006) determined Helicobacter-like micro-
organisms in the gastric mucosa of 28 of the 30 stray cats exa-
mined by the immunohistochemical method. Akhtardanesh et
al. (2006) used Giemsa staining in cytology examination of
stomach samples taken from stray cats in Tehran, and found
the infection rate of Helicobacter-like microorganisms in the
antrum and stomach body of cases as 63.2% and 77.2%, res-
pectively. The major gastric Helicobacter strains in cats are
primarily H. heilmannii and H. felis. According to reports, the
prevalence of these two species in cats varies between 57%
and 100% (Geyer et al., 1993; Hong et al., 2016). In this study,
DNA of 87.8% (36/41) of H. heilmannii were detected by Re-
al-time PCR in stomach samples of cats.

In this study, DNA of H. heilmannii was identified in 24 cat
stomachs in Real-time PCR examinations from cats whose his-
topathological findings could not be determined, which sup-
ports the point of view that H. heilmannii may be a part of the
stomach flora in cats (Gokalp & Goékalp, 2021). In the preva-
lence study conducted by Happonen et al (19906), they stated
that they found Helicobacter spp at equal rates in young and old
animals. In the current study, of the 36 cats whose stomach
samples were identified as positive for H. heilmannii by Real-ti-
me PCR, 8 were younger than 1 year old, 16 were between 1-3
years old, and 12 were older than 3 years old. In this study,
similar to the results determined in the stomach samples, 6 of
the 24 liver samples determined positive for H. heilpannii be-
longed to cats under 1 year old, 10 of them were between 1-3
years old and 8 of them belonged to cats older than 3 years. In
the light of the findings of our study, it was thought that H.

MAE Vet Fak Derg, 8 (2): 69-73, 2023



Determination of Helicobacter ...

hetlmannii could be encountered more frequently in cats aged
1-3 years and older in the Konya region.

In the study conducted by Sagnak (2007), they reported that
they detected Helicobacter DNA in 29 (58%) of 50 male dog
feces and 36 (78.3%) of 46 female dog feces and the differen-
ce between genders was statistically significant. In this study,
when the distribution of H. heilmannii DNA copies in stomach
and liver tissues is examined by gender, it is understood that
it is higher in females, similar to the report of Sagnak (2007).
However, since the number of samples was insufficient in this
study, statistical compatisons could not be made about the re-
lationship of H. hezlmannii with gender in cats.

Diagnostic methods such as histopathology, cytology, cul-
ture, urea breath test and serological tests are often used in
human medicine for the diagnosis of Helicobacter infections.
However, PCR and culture tests are seen as the only metho-
ds of identifying agents at the species level (Neiger & Sim-
pson, 2000). In this study, Helicobacter-like microorganisms
were detected in 8 cats with HE staining and 19 cats with WS
staining, and specific findings could not be detected in the
histopathological examinations. All this has strengthened the
conviction that Real-time PCR is a rapid, specific and sensitive
diagnostic test that can be used to specify H. heilmannii in cats.

CONCLUSION

In this study, the presence of H.heilmannii in stomach and
liver tissues taken during necropsies of domestic, stray and
shelter cats that died from different causes was demonstra-
ted by comparing the histopathological findings and Real-time
PCR results. As a result, H. heilmannii was detected at the rate
of 87.8% in cat stomachs by Real-time PCR, and it was found
that H. heilmannii had a high prevalence in cats in the Konya
region of Turkey. In addition, it was concluded that PCR anal-
yzes are very useful in determining the agent, but histopatho-
logical examinations are necessary to associate the presence of
bacteria with the disease state.
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ABSTRACT

Antioxidants provide protection against free radicals formed as a result of increased metabolism in
living organisms and the damage these radicals cause to the cell. Determining the antioxidant levels
can help eco-physiologists in the field in understanding the physiological state of the animal at that
moment and in conservation biology. In this study, TOC (Total Oxidant Capacity), TAC (Total
Antioxidant Capacity) and OSI (Oxidative Stress Index) values of 12 Long-legged Buzzards (Buteo
rufinus), 7 Common Buzzards (Buteo buteo) and 6 Golden Eagles (Aquila chrysaetos), 15 Grey
Herons (Ardea cinerea), 7 Eurasian Fagle Owls (Bubo bubo) brought to rehabilitation centre with
injuries due to various reasons were examined. The birds brought to the center were first examined
physically. Species-specific rooms were kept until each bird had recovered. After being rehabilitated,
blood was taken from the birds 1-2 days before being released into the wild. As a result of blood
analysis, TOC and OSI values were found to be high in Eurasian Eagle Owl, Golden Eagle, Long-le-
gged Buzzard and Common Buzzards which were brought with a diagnosis of gunshot wounds, soft
tissue trauma, femur or wing fractures. Although these birds had been rehabilitated, the reason for
the high TOC and OSI values in individuals with these diagnoses may be the trauma experienced
by these free-living birds in nature and then being held in captivity. After the birds were treated and

S. CENESIZ - 0000-0002-3544-503X  rehabilitated, they were released back to nature in habitats specific to each species.
A. GOKCEOGLU  : 0000-0002-2944-9122
M. OGUN : 0000-0002-2599-8589
E.UZLU : 0000-0002-3064-6633
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INTRODUCTION causes this stress to increase. As a result of this, the metab-

The habitats of wild birds living freely in nature are open
areas that can be a few kilometers or thousands of kilometers.
Therefore, keeping these animals under captivity for various
reasons may cause an increase in their metabolism and stress
as a result of this (Coles, 2007; Cohen et al., 2008; Fischer &
Romero, 2018). In addition, the sources of nutrient they feed
in nature or the contamination of these sources for various
reasons may change the levels of antioxidants and oxidants in
their bodies. This can also be a source of extra stress to the
animal (Costantini & Verhulst, 2009; Espin et al., 2014; Abbasi
et al., 2017). In nature, wild birds, especially raptors are more
sensitive to environmental influences than many birds. Human
interventions to the habitats of wild free-living birds in nature
make it difficult for these animals to survive and even put many
species of birds to the category of endangered species (Coles,
2007). According to the data we have, it is stated that 65% of
the birds are brought to rehabilitation centres due to traumatic
injuries caused by human impact, while 85% are brought due
to human-related deaths (Fix & Barrows, 1990; Desmarchelier
et al,, 2010). A significant number of wild birds are brought
to rehabilitation centres due to reasons such as traffic acci-
dents, pesticide intoxication, gunshot wounds, hitting electric
wires or high voltage lines (Desmarchelier et al., 2010; Malik &
Valentine, 2018). While these free-living animals already have
stress caused by their natural enemies, human pressure also
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olism of these birds may increase and their oxidant and anti-
oxidant states may change. The balance between oxidant pro-
duction and antioxidant defense is considered an important
indicator of an individual’s health, and the individual oxidative
stress level is the best indicator of this (Costantini et al., 2000).
Antioxidant capacity of all living organisms is among the fac-
tors that affect their longevity and plays a very important role
in their physiology. Agents that prevent the oxidation caused
by free radicals and that have the ability to capture and stabilize
free radicals are called ‘antioxidant’” (Sahin et al., 2015). Any
negative effect that occurs in the organism can be prevented
by antioxidants. The main task of antioxidants is to keep the
oxygen in the existing environment and to prevent the initia-
tion or further progress of oxidation reactions. When free rad-
icals exceed the physiological levels in the cell, they cannot be
destroyed by antioxidants. In this case, oxidative stress occurs.
Disruption of the balance between oxidants and antioxidants
at cellular level is defined as oxidative stress. In this process, as
a result of lipid peroxidation caused by free radicals, phospho-
lipids in the membrane are oxidized and as a result, membrane
permeability increases. As a result, the ion balance in the cell
is disrupted, functions of membrane-bound surface receptors
are disrupted and many biochemical functions are not fulfilled
(Mis et al., 2018).

Wild birds are very sensitive to environmental changes and
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any changes that may occur in their environment cause signifi-
cant physiological responses due to the stress they experience.
As a result of these reactions, the animal transfers its existing
resources predominantly to survival, which puts an extra phys-
iological burden on the animal (Costantini & Verhulst, 2009;
Cram et al., 2015; Fischer & Romero, 2018). Reasons such as
smell, sound, light conditions and daily diet in rehabilitation
centres may cause wild birds to get extra stressed (Morgan &
Tromborg, 2007; Fischer & Romero, 2018).

Therefore, understanding the responses of wild birds to
these stressors, their adaptation mechanisms, which strategies
are used and the differences between species is very important
in terms of conservation biology (Fischer & Romero, 2018).
Not only clinical examination, but also determination and
evaluation of hematological, biochemical and physiological
anomalies are very important in the success of such survival
and conservation strategies (Black et al., 2011). In the rehabil-
itation of wild raptors, it is also very important to determine
when the bird will be considered suitable and healthy to be
released, that is, the release criteria.

There are a large number of studies in literature on TOC
(Total Oxidant Capacity), TAC (Total Antioxidant Capacity)
and OSI (Oxidative Stress Index) values showing the stress
states of broilers and wild birds kept in captivity in cages for a
long time (Mis et al., 2018; Wang et al., 2021). In recent years,
studies on oxidative stress index, antioxidant levels, DNA
damage of wild birds living free in nature have gained mo-
mentum. Based on previously conducted studies, the expected
hypothesis of the present study is that oxidative stress index
will increase especially in birds which are injured by gunshot
fire, which have fractures and bone tissue trauma (Yaprakci
et al., 2016). However, considering that the birds are rehabil-
itated, it is a question mark whether these values as a result
of rehabilitation will reflect the results of normal and healthy
individuals or whether they will be high due to the stress they
increase, the presence of trauma and humans. For this reason,
blood samples were taken from free-living wild birds brought
to the centre due to various reasons and their TOC, TAC and
OSI data were evaluated.

MATERIAL and METHODS

Kafkas University/ Kafkas Wild Animal Protection, Rescue, Reba-
bilitation Application and Research Centre

Kafkas University/Kafkas Wild Animal Protection, Res-
cue, Rehabilitation Application and Research Centre located
in Kars in Turkiye is a center where exhausted or injured wild
animals animals in the Eastern Anatolia and Black Sea regions
are brought to be rehabilitated. There are administrative, clin-
ical and rehabilitation departments in the center in the Kafkas
University campus, which serves under the 13 Regional Di-
rectorates of Nature Conservation and National Parks of the
Ministry of Agriculture and Forestry. Many wild animals such
as brown bear, lynx, fox, wolf, roe deer, mountain goat, gold-
en eagle, red hawk and eagle are brought to the center, which
are injured for various reasons. After these animals are treated,
they are released back into nature. The center serves provinces
of Erzurum, Gumishane, Erzincan, Bing6l, Bayburt, Artvin,

Ardahan, Agr and Igdir. Since 2020, 380 wild animals have
been brought to the center, nearly 200 of them were cured and
released into their natural environment.

Animal material

In this study, TOC, TAC and OSI values of 12 Long-legged
buzzard (Buteo rufinu’), 7 Common buzzard (Buteo buteo), 6
Golden eagle (Aquila chrysacetos), 15 Grey heron (Ardea cine-
rea) and 7 Burasian eagle-owl (Bubo bubo) brought to Kafkas
University/Kafkas Wild Animal Protection, Rescue, Rehabil-
itation Application and Research Centre were examined. All
Grey herons were brought to the rehabilitation centre because
the trees they nested in fell down during storm and they could
not leave the nest. No problems were found in their examina-
tion and the diagnosis was fatigue due to dehydration. Other
birds were injured in nature due to various reasons and they
were randomly brought to rehabilitation centre both by citi-
zens and by wild life protection teams. All birds brought to the
rehabilitation center were adults.

Table 1 and 2 show the reasons why all of the birds were
brought to the centre. All of the birds in the centre were kept
for 1-3 months in specially arranged, isolated bird care rooms
with an international size and standards and then in flight tun-
nels suitable for the species (5m/6m/30m). To avoid stress,
they were not disturbed for any reason other than the routine
visits of researchers. They were fed with red or white meat
specific to the species for 6 days a week. Food and water were
given ad libitum. Since the important thing in rehabilitation
and conservation biology is to treat the animal and return it
to wild life in a healthy way, no unnecessary medical interven-
tion was performed during treatment process on birds which
were brought injured, sick or destitute to the centre. In their
first admission to the centre, no blood sample was taken from
these birds for examination. Due to these medical reasons, we
do not have any control group data that show the initial disease
status of the birds in our study. 1-2 days before the birds to be
released into the wild, blood samples were taken and all indi-
viduals were released back to wild life in suitable sites.

Obtaining blood samples and analyses

Blood was taken from the wing ulnar/basilic vena of the
birds brought to the rehabilitation centre and transferred to
EDTA (BD vacutainer, K, EDTA) tubes; after they were cen-
trifuged for 5 minutes at 3000 r.p.m. (Electro-mag M815 M),
the plasma samples were transferred to clean tubes. The plas-
ma samples were kept in a deep freezer (Profilo 6600) at - 20
°C until they were analyzed.

TOC and TAC Analysis of blood samples

TOC and TAC measurements (Rel Assay Diagnostics) were
carried out with colorimetric test according to the recom-
mended procedure.

TOC measurement

Plasma total oxidant capacity is measured with the ferric
ion forming a color intensity based on the ration of oxidants
in the environment as a result of creating a colorful complex
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with acidic chromogenic and spectrophotometric determina-
tion of this. Its principle is based on the oxidation of oxi-
dants present in the plasma to iron ion with iron on-chelate
complex. Based on this principle, the measurement was made
in accordance with the procedure in commercial test kits. A
commercial kit was used for the determination of TOC (Rel
Assay Diagnostics®) (Acke et. al., 2015). The initial solution
containing reagent 1 (assay buffer) and the sample or stan-
dard was read at 530 nm for the first absorbance value. After
that, prochromogen solution was added and incubated for 10
min at room temperature or 5 min at 37° C to produce colour
complexing between the ferric ions and chromogen which can
be measured spectrophotometrically and related to the total
oxidant concentration. After incubation, the solution was read
again at 530 nm (DAS Plate Reader) (Allam & Lemcke, 1975).

TAC measurement

Measurement of plasma total antioxidant capacity is de-
termined on the basis that antioxidants in the sample reduce
the dark blue-green procromogen 2,2’-azinobis (3-etilbenzo-
tiyazolin-6-stlfonik acid) (ABTS) radical to colotless ABTS
form. Based on this principle, the measurement was made in
accordance with the procedure in commercial test kits. For the
measurement of TAC (Rel Assay Diagnostics®) (Acke et. al.,
2015) the initial solution contained reagent 1 (assay buffer) and
the sample or standard absorbance was read at 660 nm for the
first value. After that, ABTS radical solution was added and
the mixture was incubated for 10 min at room temperature
ot 5 min at 37° C to allow the antioxidants to reduce the dark
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OSI=TOC / TAC X 100
Analyses of data

The data were analysed with SPSS 22.0 (Statistical Package
for Social Sciences). The normality test of the data was per-
formed using the Shapiro-Wilk test, and it was found that the
the all bird groups were not normally distributed separately
(p<0.05). Statistical analysis of blood samples taken from re-
habilitated birds was performed by Chi-Squate test and p <
0.05 was considered as significant. Chi-Square tests of good-
ness of fit was used in single group comparisons. The purpose
of this test; is to investigate whether a sample of 7 volumes
drawn from the population is representative of the populati-
on. In this study, we tested the suitability of TOC, TAC and
OSI values obtained from each bird species to the population
(Table 1-5). For example, a comparison was made in the TAC
values for the Eurasian eagle owls group of 7 individuals. Li-
kewise, TOC and OSI values were also compared separately.

We used the Kruskal-Wallis and Mann-Whitney test to se-
parately compare the TOC, TAC and OSI values in birds. For
example, we compared the TAC of Eurasian eagle owls, Gold-
en eagles and Grey herons (only 3 birds). Then we compared
the TOC and OSI values for the same birds separately. We
used Kruskal-Wallis test (non-parametric equivalent of One-
way ANOVA) to make these comparisons. For the Long le-
gged buzzard and Common buzzard (only 2 birds), we used
the Mann-Whitney U test, which is a pairwise comparative test
(Figures 1, 2 and 3).

Table 1. Plasma TAC, TOC and OSI values of rehabilitated Eurasion eagle-owl and the reasons why

they were brougth to the clinic

TAC TOC OSI
(mmol : Reason
Trolox (umol H,0, (Arbitrary
Equv./L) Equv./L) Unit)
1 1.77 46.78 2.64 Weakness
2 1.55 262.00 16.90 Weakness
3 0.92 108.15 11.75 Left leg atrophy, neural
4 1.74 440.09 25.29 Weakness
5 0.17 44.75 26.32 Weakness
6 1.65 924.00 56.00 Shotgun Fire
7 0.46 836.36 18.18 Weakness
MeantS.E. 1.18+£0.25 380.301+139.64  22.4416.37

There is no statistical difference in TAC values (p>0.05). There are statistical difference in TOC and
OSI values (p<0.05) (n=7, TAC: Chi Square= 0.444, df= 4, p= 0.979; TOC: Chi Square= 2152.312,
df= 6, p= 0.000; OSI: Chi Square= 74.981, df= 6, p= 0.000). S.E.= Standart Error.

blue-green ABTS to form coloutrless, reduced ABTS before
the absorbance was read again at 660 nm (DAS Plate Reader)
(Allam & Lemcke, 1975).

The calenlation of OS1

In order to calculate OSI, which is an indicator of oxidative
stress degree, TOC value was divided by TAC value and mul-
tiplied with 100.

RESULTS

Table 1-5 show TOC, TAC and OSI values of all wild birds
which were injured or tired for various reasons and the reasons

why they were brought to rehabilitation centre, while Figure 1,
2 and 3 show the mean TOC, TAC and OSI values of birds.

As seen in Table 1, there was no statistical difference in plas-
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Table 2. Plasma TAC, TOC and OSI values of rehabilitated Golden eagle and the reasons why they were brougth to

the clinic
TOC OSI
TAC (mmol Trolox ) R o
Equv./L) (tmol H O, (Arbitrary €aso
Equv./L) Unit)
1 0.49 375.75 76.68 Weakness
2 0.57 281.58 49.40 Weakness, cachexia
3 0.89 502.56 56.46 Weakness
4 1.96 46.52 2.37 Weakness
Shotgun fire, wing
5 0.31 47.55 15.33
fracture
Shotgun fire, wing
6 1.76 507.22 28.81
fracture
MeantS.E. 0.991+0.28 293.53+85.20 38.17+11.30

There is no statistical difference in TAC values (p>0.05). There are statistical difference in TOC and OSI values
(p<0.05) (n= 6, TAC: Chi Square= 0.667, df= 3, p= 0.881; TOC: Chi Square= 737.968, df= 5, p= 0.000; OSI: Chi
Square= 101.895, df= 5, p= 0.000 ). S.E.= Standart Error.

Table 3. Plasma TAC, TOC and OSI values of rehabilitated Grey heron and the reasons why they were

brougth to the clinic

TAC (mmol Toc OSI
Trolox — (1mol H,O,  (Asbitrary Reason

Equv/L)  “Equv./L) Unit)
1 0.69 105.36 15.26 Weakness
2 1.41 68.06 4.82 Weakness
3 1.41 18.39 1.30 Weakness
4 0.62 90.44 14.58 Weakness
5 0.48 151.98 31.66 Weakness
6 0.53 63.40 11.96 Weakness
7 0.70 32.63 4.66 Weakness
8 0.45 42.89 9.53 Weakness
9 0.23 54.07 1.24 Weakness
10 1.43 96.03 6.71 Weakness
11 1.47 15.85 1.07 Weakness
12 0.70 14.91 213 Weakness
13 1.58 55.94 3.54 Weakness
14 0.14 13.72 9.80 Weakness
15 0.59 41.02 6.95 Weakness

MeanztS.E. 0.82+0.12 57.64%+10.24 8.34+2.06

There is no statistical difference in TAC values (p>0.05). There are statistical difference in TOC and
OSI values (p<0.05) (n= 15, TAC: Chi Square= 1.500, df= 8, p= 0.993; TOC: Chi Square= 380.965,
df=14, p= 0.000; OSI= Chi Square: 107.921, df=14, p= 0.000). S.E.= Standart Error.

ma TAC values in Eurasian eagle-owls. On the other hand,
there was a statistical difference in TOC and OSI values, and
the highest TOC and OSI values were seen in Furasian ea-
gle-owls (No. 6) injured with gunshot fire. Similarly, there was
no difference in the TAC values in the Table 2, while there are
differences in the TOC and OSI values. In Golden eagles, the
highest plasma TOC and OSI values (No: 1, 3 and 6) were
seen in the birds that was brought with weakness, shotgun fire

and wing fracture. Although OSI value was high in individual
injured with gunshot fire (No. 6), they was not as high as those
in the Golden eagles brought with weakness (No. 1 and 3). As
a result of the statistical analysis, no differences were found in
the plasma TAC values of Grey herons, but there were statis-
tical differences in TOC and OSI Table 3.

While there was no statistical difference in TAC values in
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Table 4. Plasma TAC, TOC and OSI values of rehabilitated Long-legged buzzard and the reasons why they were
brougth to the clinic

TAC TOC OSI
(mmol : Reason
Trolox (umol H,O,  (Arbitrary
Equv./L) Equv./L) Unit)
1 0.82 526.80 64.24 Bone tissue trauma without fractures
2 1.89 176.22 9.32 Soft tissue trauma
3 0.93 589.27 63.36 Soft tissue trauma
4 0.42 71.79 17.09 Soft tissue trauma
5 1.68 147.31 8.76 Soft tissue trauma
6 1.73 77.38 4.47 Soft tissue trauma
7 1.33 408.39 30.70 Femur fracture
8 1.02 151.04 14.80 Left claw paralysis
9 1.73 715.15 41.33 Closed wing fracture
10 1.08 841.02 77.87 Closed wing fracture
11 1.37 367.36 26.81 Closed wing fracture
12 1.19 680.65 57.19 Closed wing fracture

There is no statistical difference in TAC values (p>0.05). There are statistical difference in TOC and OSI values
(p<0.05) (n= 12, TAC: Chi Square= 5.667, df= 9, p= 0.773; TOC: Chi Square= 2054.899, df= 11, p= 0.000; OSI:
Chi Square= 205.559, df= 11, p= 0.000). S.E.= Standart Error.

Table 5. Plasma TAC, TOC and OSI values of rehabilitated Common buzzard and the reasons why they were
brougth to the clinic

TAC (mmol TOC OsI
Trolox (umol H O (Arbitrary Reason
Equv/L)  “Equv/L)’ Unit)

1 0.88 11.18 1.27 Bone tissue trauma without fractures
2 0.70 139.86 19.98 Soft tissue trauma
3 0.82 470.86 57.42 Compound fracture
4 0.66 453.14 68.67 Femur fracture
5 1.79 390.67 21.82 Weakness
6 1.67 97.90 5.86 Weakness
7 1.75 411.18 23.49 Weakness

There is no statistical difference in TAC values (p>0.05). There are statistical difference in TOC and OSI values
(p<0.05) (n= 7, TAC: Chi Square= 1.200, df= 6, p= 0.997; TOC: Chi Square= 783.096, df= 6, p= 0.000; OSI:
Chi Square= 136.444, df= 6, p= 0.000). S.E.= Standart Error.

1,6 1,6

a 1,26 1,18 b

1,4 099 1,4 :[
1;2 1;:2

1 1
0,8 0,8
0,6 0,6
0,4 0,4
0,2 0,2

(0] 0

TAC TAC
M Eurasian Eagle Owl B Golden Eagle ' Grey Heron M Long Legged Buzzard Common Buzzard

Figure 1. Figure 1.a. Mean plasma TAC (mmol Trolox Equv./L) data of Eurasion Eagle Owl, Golden Eagle and
Grey Heron (Kruskal-Wallis H= 1.730, df= 2, p= 0.421). Figure 1.b. Mean plasma TAC (mmol Trolox Equv./L)
data of Long Legged Buzzard, and Common Buzzard (Mann-Whitney U= 35.500, p= 0.582), p>0.05
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Figure 2. Mean plasma TOC (pmol H202 Equv./L) data of Eurasion Eagle Owl, Golden Eagle and
Grey Heron (Kruskal-Wallis H= 8.831, df= 2, p= 0.012), * means statistically different, p<0.05. Figure
2.b. Mean plasma TOC (umol H202 Equv./L) data of Long Legged Buzzard, and Common Buzzard

(Mann-Whitney U= 31.000, p= 0.353)

1,6
1,4
1,2

0,8
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Figure 3. Mean plasma OSI (Arbitrary Unit) data of Eurasion Eagle Owl, Golden Eagle and Grey
Heron (Kruskal-Wallis H= 9.45, df= 2, p= 0.09), * means statistically different, p<<0.05. Figure 3.b.
Mean plasma OSI (Arbitrary Unit) data of Long Legged Buzzard and Common Buzzard (Mann-

Whitney U= 36.000, p= 0.612)

Long-legged buzzards and Common buzzards, there were dif-
ferences in TOC and OSI Table 4 and 5. In terms of rehabili-
tated Long-legged buzzards, the highest plasma TOC and OSI
values were found in the individual numbered 10 which was
brought with closed fracture. In individuals which presented
with closed fractures, OSI values are quite high. These values
were found to be high in individual with the number 1 which
was brought with unfractured bone trauma. OSI values were
found to be high in all Long-legged buzzards except for those
which were brought for soft tissue trauma (No. 2, 4, 5, 6). TOC
and OSI values in all Common buzzards were high except for
individuals numbered 1 and 6. Plasma TOC and OSI values
were very high especially in individuals that were brought with
compound fracture (No. 3) and femur fracture (No. 4).

DISCUSSION

Considering the plasma TOC, TAC and OSI values of all
birds were examined, while TOC and OSI values were signifi-
cantly high in all bird species except Grey heron, we believe it
is necessary to draw attention to the fact that all of the Grey
herons were brought with a diagnosis of weakness. Other

79

birds were brought to the centre due to various and important
traumatic reasons except for weakness.

The purpose of wild animal rehabilitation is treating the an-
imals and releasing them to nature again. For this reason, care
was taken to ensure that there is no different cause that may
stress animals during the time they stayed at the centre, based
on international practice standards (Redig, 1978; Chaplin et
al., 1993). For example, according to international standards,
birds in captivity should be kept in dark and quiet rooms so
that they do not experience extra stress, they should not be
disturbed, and the number of visitors should be kept to a min-
imum (Mander et al., 2003). The aim of rehabilitation of wild
animals is to treat animals and release them back to natural life.
Considering that all the birds evaluated in the study lived under
relative captivity and the fact that the procedure of blood mea-
surement may create stress, the birds were contacted each time
by the same physicians and staff only when necessary for min-
imum stress conditions, no physical contact was experienced
during the process and the same medical staff collected blood
(Cooper, 1972; Campbell, 2012). In a study they conducted
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with Faleo tinnuenlus, Costantini and Del’Omo (2006) suggest-
ed that especially OXY (total serum antioxidant level) was
more affected by environmental components and the changes
in OXY were due to antioxidants they took with nutrients. In a
study they conducted with free-living F. zinnunculus during the
breeding time, Costantini et al. (2000) found that stress levels
increased due to decreased access to nutrient in larger hatch
with more sibling rivalry. In the light of this information, start-
ing from the moment they were accepted in the centre, the an-
imals were fed sufficiently with natural food that is completely
species-specific, similar to their hunt in natural life.

It is known that free radicals and oxidative stress in cells
cause many disorders such as premature aging, reproductive
capacity, arthritis, cardiovascular diseases and allergic reactions.
Many things can also cause increased oxidative stress in wild
life. Environmental variables (Costantini & Dell’Omo, 2000;
Wang et al., 2021), predator and human pressure, poachers
(Yaprakei et al., 2016), nutrition (Costantini et al., 2007; Mis et
al., 2018), contamination of nutrients and water sources with
chemicals, radiation (Fernie & Bird 2001; Fernie & Reynolds,
2005; Abbasi et al., 2017), whether the animals is in migration
period (Arnold et al., 2010), size of hatch and nest (number
of young birds) (Costantini et al., 2007) are among reasons
that cause free radicals and oxidative stress index in animals to
increase. Studies on oxidative stress, which has a direct effect
on health and life capacity by being affected by many factors,
have been increasing and becoming more important in recent
years (Casagrande et al., 2011; Bize et al., 2014). Metabolic rate,
diseases or injuries also cause the production of abundant re-
active oxygen species. These reactive oxygen species may cause
oxidative damage of biomolecules and accumulation of dam-
age, resulting in disruption of homeostatic regulation mech-
anism and decrease in the longevity of the animal or death
(Costantini & Verhulst, 2009; Yaprakci et al., 2016). At the
same time, the assessment of oxidative stress levels may be a
scale in evaluating immunity status (Cram et al., 2015). In this
study, TOC and OSI values in Eurasian eagle-owls, Golden
eagles, Long-legged buzzards and Common buzzards brought
to the rehabilitation centre with diagnoses of gunshot wound,
soft tissue trauma, femur and wing fractures were relatively
higher than those of the other individuals. Although these rap-
tors were rehabilitated, the reason why TOC and OSI values
were high in individuals that were brought with trauma may
probably be the fact that these birds were kept in captivity
after the trauma/injury these individuals experienced. Similar
to the results of this study, in a study conducted on common
buzzards (Buteo species) with gunshot wound, TOC levels
were found to be much higher than the control group (fatigue,
thirst, weakness, simple bruise) (Yaprakci et al., 2016). An in-
significant difference was found in TAC levels when compared
with the control group. In this study, high OSI levels especially
in individuals that were brought with gunshot wounds, tissue
trauma and fractures shows the oxidative stress due to dam-
age in all birds. Raptors may also be stressed due to poachers
or human pressure in the environment (Finkel & Holbrook,
2000; Vagasi et al., 2019). Birds in nests may also be exposed to
an extra fracture or trauma when they are shot by hunters from
a distance or due to falling from high. All these events may
increase the metabolic rate and oxidative stress of animals.

Sonmez, Giirsoy Ergen, Cenesiz...

CONCLUSION

In this study, the TOC, TAC and OSI levels of Eurasian
eagle-owl, Golden eagle, Long-legged buzzard, Common buz-
zard and Grey herons that were brought to rehabilitation cen-
tre due to various reasons were evaluated. It was thought that
the high oxidative stress index of especially birds that were
brought to centre due to gunshot wounds, soft tissue trauma
ot fractures may be due to traumas experienced by these birds.
Although blood collection and other procedures were per-
formed by the same stuff in the rehabilitation centre so that
the birds would not be stressed, the fact that they could be
stressed and thus their metabolism increased due to presence
of humans and the fact that they were kept under captivity
was presented for the attention of readers by the authors. In
addition, the data we reported may not completely represent
the values expected for wild free-living birds due to individual
effects of trauma, nutrition and captivity stress. Due to the
small number of subjects obtained through completely natural
means and those brought to a specific rehabilitation centre, it
was thought that the data presented here may be evaluated as
pre-data for studies to be conducted with higher number of
subjects. It was concluded that conducting long-term studies
with a higher number of subjects in the future will contribute
to a stronger demonstration of these values.
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Eﬁggeg vacene The purpose of this study is to determine the effect of vitamin C on the immune system in cattle

immune system immunized against blackleg. The study employed 28 cattle of different breeds and genders, aged

vitamin ¢ 15-20 months, bred in the Ardahan region. The cattle were divided into four groups, seven in
each group. The first group (control group) 2 ml saline, the second group (vitamin group) 5 mg/
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ne-vitamin group) 2 ml Blackleg vaccine and 5 mg/kg vitamin ¢ was administered subcutaneously.

| Aeitdle Conle . 1228850 Blood samples were collected from all animals in the groups just prior to vaccination and vitamin
administration (day zero) and on the 14th and 28th days following administration. The number of
formula leukocytes and the amount of serum IgG was measured in the blood samples. Serum IgG
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E. DOGAN was found to increase substantially (p<<0.05) in the vitamin-vaccine group on days 14 and 28 com-

(ertandogan@ardahan.edu.tr) pared to the vaccine group. It was determined that the number of lymphocytes in days 14 and 28
of the vaccine-vitamin group increased in comparison with the vaccine group. In this study, it was

ORCID found that vitamin ¢ administered to cattle with the blackleg vaccine has a stimulating effect on the

E. DOGAN : 0000-0003-0751-0559 immune system. It is recommended to improve the protective potency of the vaccine using vitamin

c along with the blackleg vaccine in cattle.

INTRODUCTION

Blackleg disease is a bacterial disease caused by Clostridium
chauvoei (Cl. Chauvoei). The agent responsible for the disease is
gram-positive, anaerobic and spored. These spores protect the
bacteria against adverse environmental conditions. Because
of spores, bacteria stay alive in the soil for a long time and
maintain their ability to cause disease. In animal species, cattle
are the most vulnerable to illness. It mainly affects cattle 6
to 30 months old. The disease progresses quickly and causes
cattle to die (Abreu et al., 2017; Nicholson et al., 2019). The
disease is also reported to be present in sheep and other animal
species other than cattle (Abreu et al., 2017).

The disease has quite a complex pathogenesis. Spores
ingested orally are carried from the digestive tract to muscle
tissue through macrophages. These spores, which are latent
in muscle tissue, change to a vegetative form when damaged.
Some toxins are synthesized by bacteria that go through the
vegetative form (Hansford, 2020). These toxins are responsible
for muscle tissue inflammation and death (Abreu et al., 2017;
Nicholson et al., 2019). Hyaluronidase, DNase, haemolysin,
neuraminidase and leukocyte toxins play an important role
in the pathogenesis of the disease. Moreover, it is suggested
that the bacterial structural flagella are also effective in
pathogenicity (Nicholson et al., 2019).

The disease begins in the muscle tissue. The affected
muscular tissue is oedematous. In the future, the gas builds up
and the cracking is felt. The infected animals have high fever.
Anorexia and stagnation attract interest. The affected muscle
tissue has a dark red or black appearance. Furthermore, fibrous
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areas and bleeding can be observed in the heart. Mortality is
high in the illness (Abreu et al., 2017).

Vitamin C, also called ascorbic acid, is a watetr-soluble
vitamin with important biological functions. In cattle, it is
synthesized from d-glucose or d-galactose by glucuronic acid
in the liver. Vitamin C is a co-factor in certain enzymes. It is
required for the synthesis of collagen, catecholamines, peptide
hormones, vasopressin, carnitine, cholesterol and tyrosine
(Mousavi et al., 2019; Pogge & Hansen, 2013; Ranjan et al.,
2012). Vitamin C deficiency leads to a disease known as scurvy
(Matsui, 2012). Scurvy is characterized by a weakness in the
structure of collagen. It has been reported that wound healing
is delayed and susceptibility to life-threatening conditions
such as pneumonia increases in patients with scurvy (Carr &
Maggini, 2017; Mousavi et al., 2019). Vitamin C is decomposed
by ruminal microflora in cattle and is not used orally. It is used
parenterally and the dose is one to two grams (Kaya, 1997).

The best way to prevent blackleg disease is to immunize
healthy animals. Vaccines are used for disease control around
the world (Nicholson et al., 2019; Santos et al., 2021). In this
country, cattle over four months old are vaccinated against the
disease before they go to pasture. The vaccine is given behind
the shoulder and subcutancously (Mamak et al., 2018).

In a human study, vitamin C is reported to accumulate in
neutrophils and monocytes (Carr & Maggini, 2017). There is
also evidence that vitamin C increases serum antibody levels
in humans (Mousavi et al., 2019). Based on this information,
we can affirm that there is an important link between vitamin
C and the immune system. This study was conducted to
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determine the effect of vitamin C given to cattle with the
blackleg vaccine on the immune system.

MATERIAL and METHODS

This study has been approved by the Ethics Committee of
Kafkas University (decision date 26.04.2022 and numbered
2022-085) and Ministry of Agriculture and Forestry of Turkey
(Ietter dated 05.04.2022 and numbered E-5125179).

This research was carried out on 28 cattle of different breeds
and genders, aged 15-20 months, in the Ardahan region. Cattle
kept in the same environment were fed tap water from the
same source and grassy grass. A dose of 0.2 mg/kg ivermectin

The Microsoft Windows, SPSS 20.0 software program
was used to statistically calculate the data obtained in the
study. Normal distribution conditions were verified using the
Shapiro-Wilk test. Group means were compared with one-way
analysis of variance (ANOVA), multiple comparisons among
groups were made using the Tukey HSD test. The results are
presented on average and as a standard deviation. P<0.05 was
found to be statistically significant in this study.

RESULTS

The serum IgG measured over 0, 14 and 28 days in cattle
groups is presented in Table 1 below.

Table 1. Levels of serum IoG in the cattle groups (ug/ml)

Days Control Vitamin Vaccine Vaccine-vitamin
Day 0 54.60 £ 6.68 58.17 £17.89 57.14 £ 26.23 58.90 £ 29.68
Day 14 50.00 £22.40* 49.54£11.06* 91.04 £ 13.13">  116.58 + 14.64°
Day 28 48.55+9.58* 4598+ 17.85*  97.31% 16.43" 125.19% 14.07¢

*be; Those that have different letters in the same line in the P < 0.05 range were statistically significant.

(Vilmectin-Vilsan®) was administered subcutaneously to all
cattle in the study of anti-parasitic purposes. There was one
month of waiting period after the administration. Following
this, the cattle were divided into four groups, seven in each
group. 2 ml of saline (Polifleks®-Polifarma) to the first group
(control group), 5 mg/kg of vitamin C (Maxivit-C®-baVET)
to the second group (vitamin group), 2 ml of blackleg vaccine
(VBR CHAUVOEI®-Ata-Fen) to the third group (vaccine
group), and 5 mg/kg of vitamin C and 2 ml of blackleg
vaccine to the fourth group (vaccine-vitamin group) were
administered subcutaneously from different regions. Just
before drug and vaccine administration (day zero) and on day
14 and 28 following administration, 2 ml of blood from all
animals in the group into tubes with anticoagulant (EDTA)
(BD Vacutainet® K2E 5.4 mg) and 10 ml of blood into tubes
without anticoagulant (BD Vacutainet® CAT) samples were
collected. The blood samples were taken to the laboratory in
cold temperatures. Non-anticoagulant tubes were maintained
at room temperature for 2 hours. Serums were then obtained by
centrifuging at 3000 rpm for 20 minutes. The resultant serum
samples were placed into an Eppendorf tube (ISOLAB®) and
stored at -20" C until analysis. Blood smears were performed
from blood samples in tubing containing anticoagulant. The
leukocyte formula was determined using the conventional
method (Yaman, 2016).

The ELISA kit (Bioassay Technology Laboratory, Cat.
No: E0010Bo) was used to determine the quantity of G
immunoglobulin (IgG) in serum samples. The analysis
was carried out using the methodology described by the
manufacturer. After the test, the optical density of the
standard and serum samples was measured at 450nm in an
ELISA reader (BioTek EILx800, US.A). Serum IgG was
calculated by comparing the optical density of the samples to
the optical density of the standards. This calculation was done
by computer and using Microsoft Excel (Aydin, 2015).

Table 1 above shows that there is no difference in the amount
of serum IgG on day zero among the groups. Serum IgG in
the vaccination group at day 14 was found to have increased
significantly (P<0.05) compared to the control and vitamin
groups. In addition, the amount of IgG in the vaccination-
vitamin group increased compared to the vaccinated group.
It was observed that this significant increase in the amount
of antibodies in the vaccine-vitamin group compared with the
vaccine group continued on day 28.

Table 2 above demonstrates that there is no difference
among the groups in terms of the percentage of leukocytes
on day zero. The number of lymphocytes in the vaccine and
vitamin-vaccine groups was found to increase significantly (P
< 0.05) on day 14 compared to the control and vitamin groups.
Lymphocytes in the vitamin-vaccine group were observed to
increase on days 14 and 28 compared to the vaccine group.
However, it was not statistically significant (P > 0.05).

DISCUSSION

Blackleg is a rapidly developing bacterial disease that kills
cattle. It causes significant economic losses in the cattle
breeding. Vaccines are used to fight the disease in this country
and in countries around the world (Mamak et al., 2018;
Nicholson et al., 2019; Santos et al., 2021). The synthesis of
antibodies in a short period of time and at a protective level
with vaccination is of great importance in the control of the
disease. It is known that the development of immunity is
possible with the stimulation of cells of the immune system.
Vitamin C has been reported to have a significant relationship
with the immune system. There is some evidence that plasma
levels of vitamin C are declining in infectious diseases such
as fatty liver disease, liver disease, heat stress, mastitis in cattle
(Matsui, 2012; Ranjan et al., 2012).

There has been some suggestion that vitamin C is effective
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Table 2. Ieukocyte formula of the cattle groups by days (number/100)

Dogan

Days Parameters Control Vitamin Vaccine Vaccine- vitamin
Neutrophil 27.71 £ 4.88 27.28 £ 4.30 27.85 £ 4.87 28.57 £ 2.82
Eosinophil 12.71 £ 2.87 11.28 + 2.87 10.42 + 2.63 11.42 £ 2.99

<. Basophil 0+0 0+0 0+0 0£0
<
A
Monocyte 1.28 £ 1.11 1.14 £ 1.21 1.14 £ 1.06 1.00 £ 1.15
Lymphocyte 55.14 £ 6.71 54.28 £ 5.85 54.71 £ 4.82 57.28 £5.25
Neutrophil 26.28 £ 5.05 26.57 £ 5.15 28.57 £ 5.34 29.71 £ 1.79
Eosinophil 11.28 £ 2.92 10.85 + 2.03 10.57 + 2.37 10.71 £ 2.49
<
o Basophil 0+0 00 0+0 0x0
A
Monocyte 1.14 £ 1.21 1.00 £ 1.15 1.28 £ 1.38 1.42 = 1.61
Lymphocyte ~ 54.71 £ 7.49 * 5571 £4.85* 62.42 £ 3.86° 65.57 £3.95°
Neutrophil 27.28 £ 3.81 2542 % 4.42 26.71 £ 4.46 28.28 = 2.87
Eosinophil 11.85 = 2.11 11.28 £ 2.13 10.57 + 2.82 11.57 £ 2.37
&
= Basophil 0+0 00 0+0 0x0
A
Monocyte 1.00 £ 1.15 114+ 1.21 0.71 £0.75 1.14 £ 1.21
Lymphocyte ~ 53.85 £ 4.37* 54.57 £3.50 * 60.14 + 4.94° 64.57 £ 4.72°

> Those that have different letters in the same line in the P < 0.05 range were statistically significant.

in increasing disease resistance in cattle. Vitamin C use in
calves is reported to reduce diarrhea (Cummins & Brunner,
1989; Sahinduran & Albay, 2004; Seifi et al., 1990). It has been
observed that when applied to cattle prior to transport, vitamin
C prevents the reduction in plasma ascorbate due to transport
and increases fattening performance (Deters & Hansen, 2020).

Many studies have demonstrated the association between
vitamin C and antibody levels in cattle. It has been reported
that when the calves received colostrum are used orally 3
grams a day in the first week, 2 grams in the second week,
and 1 gram in the third week, the amount of serum gamma
globulin is increased significantly on the 14th day but not
significantly on the 28th day (Lotfollahzadeh et al., 2005). In a
study, vitamin C administered to calves was found to not affect
the amount of total plasma IgG (Hidiroglou et al., 1995). In
another study, calves were given 1 g of vitamin C per day from

2 weeks to 8 weeks of age, and the same calves were vaccinated
with inactivated Histophilus somni vaccine when they reached
4 and 8 weeks of age. It is reported that 12 weeks after the
second vaccination, vitamin C greatly increased the amount
of antibodies synthesized against Histophilus sommni (Otomaru
et al., 2021). When vitamin C is administered to cattle on the
3rd day of foot-and-mouth vaccination, it leads to an increase
in serum gamma globules (Kizil & Giil, 2010). Another study
suggests that vitamin C accelerates treatment and increases the
amount of milk immunoglobulin in dairy cattle suffering from
mastitis (Chaiyotwittayakun et al., 2002).

The effect of vitamin C on the immune system has been
studied in some animal species besides cattle. It was suggested
that 200 mg/kg of vitamin C administered intramusculatly to
sheep prior to transplant is effective in preventing stress from
transport (Yanar, 2020). When the goats were 21 days old, they
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were separated from their mothers and exposed to stress and
given 100 mg of vitamin C orally per day. The same goats
were vaccinated against Brucella melitensis at 14 weeks old. It
was reported that there was no significant increase in serum
antibody levels in the vitamin C group at three weeks post-
vaccination (Imik et al., 2000).

The effect of vitamin C on the immune system has also
been studied in poultry. It is claimed that ascorbic acid added
to the diets of chickens exposed to stress by applying heat
for 35 days increases the growth performance and the amount
of antibodies against Newcastle virus (Gouda et al., 2020). In
another study, chickens raised in an overcrowded environment
were supplemented with vitamin C in their diet and immunized
against the Newecastle virus. It is reported that the quantity of
antibodies synthesized against the vaccine does not increase
significantly 7 and 14 days after vaccination (Mirfendereski &
Jahanian, 2015). In another study, chickens were vaccinated
against Newcastle and infectious bronchitis after being
molted with zinc oxide added to their feed. After vaccination,
the level of antibodies in the group to which vitamin C was
added increased insignificant relative to the control group
(Khan et al, 2014). In another study, it was reported that
daily supplementation of 500 mg/kg ascorbic acid to broilers
exposed to heat stress from 22 days to 42 days increased the
amount of antibodies against Newcastle disease and reduced
the negative effects of heat (Toplu et al., 2014). In another
study, the amount of antibodies against Infectious Bursal
Disease was found to be higher in chickens supplemented
with ascorbic acid in their diets than in the group that did not
receive ascorbic acid (Wu et al., 2000). It has been reported
that vitamin C added to the feed laying hens has no effect
on the antibody titer against Newrcastle disease (Coskun et al.,
1998). It is suggested that vitamin C injected at a dose of 3 mg
on the 15th day increases the hatchability rate, the amount of
IgG and IgM (Zhu et al., 2019).

Human studies have suggested that there is a positive
relationship between vitamin C and antibody levels (IgA, IgG,
IgM) (Carr & Maggini, 2017). Enhanced antibody production
(IgG and IgM) was observed in human lymphocytes exposed
to vitamin C in vitro (Tanaka et al., 1994). It has been reported
that intra-peritoneal administration of vitamin C in guinea
pigs increases mitotic activity and levels of post-vaccination
antibodies in lymphocytes (Carr & Maggini, 2017). The FMD
inactivated intramuscular vaccine was administered 7 and 14
days after 1 mg and 10 mg intra-peritoneal injection of vitamin
C to the rats divided into groups. The high dose group for
vitamin C was reported to show a significant increase in serum
IgG (Wu et al,, 2018).

In the present study, it was found that there was no difference
between serum IgG in the control groups and vitamins in days
0, 14 and 28. The amount of IgG measured on days 14 and
28 in the vaccine-vitamin group was found to have increased
significantly (P<0.05) compared to the vaccine group. It has
been reported that vitamin C increases the amount of serum
antibody in newborn calves (Lotfollahzadeh etal., 2005), calves
vaccinated against Histophilus somni (Otomaru et al., 2021), in
beef cattle vaccinated against Foot and Mouth disease (Kizil &

Giil, 2010), in dairy cattle with mastitis (Chaiyotwittayakun et
al.,, 2002), in goats vaccinated with Brucella melitensis (Imik et al.,
2000), chickens vaccinated against Newecastle virus (Gouda
et al., 2020; Khan et al., 2014; Mirfendereski & Jahanian, 2015;
Toplu et al., 2014), in chickens vaccinated against Infectious
Bronchitis (Khan et al., 2014), in chickens vaccinated against
Infectious Bursal Disease (Wu et al., 2000), when injected into
embryonated eggs (Zhu et al., 2019), in human lymphocytes
in vitro (Tanaka et al., 1994), in mice vaccinated with Foot
and Mount Disease (Wu et al., 2018). The results obtained in
this study are consistent with the research results presented
above. Serum IgG levels in the vaccine-vitamin group showed
a significant increase in compatison to the vaccine group. This
increase may be because of vitamin C stimulating the mitotic
activity of lymphocytes. It may be interpreted that lymphocytes
with increased mitotic activity differ into antibody synthesis
plasma cells and cause increased antibody production.

Contrary to the findings of this study, it is reported that
vitamin C does not affect the level of antibody in calves
(Hidiroglou et al., 1995), and in chicken vaccinated with
Newecastle vaccine (Coskun et al., 1998). In some studies, it has
been suggested that vitamin C supplementation decreases the
incidence of diarrhea in calves (Cummins & Brunner, 1989;
Sahinduran & Albay, 2004; Seifi et al.,, 1996), improves the
fattening performance of cattle (Deters & Hansen, 2020), and
sheep (Yanar, 2020). It is thought that the stress factors that
animals are exposed to may be effective among the reasons for
obtaining different results between vitamin C administration
and the amount of antibodies.

In this study, it was found that there was no difference in
the number of leukocytes in the control and vitamin groups
during the 0, 14 and 28 days. It is observed that the lymphocyte
counts of the vaccine and vaccine-vitamin group increased
significantly (P < 0.05) on the 14th and 28th days compared
to the control and vitamin groups. It was observed that the
lymphocyte counts of the vaccine-vitamin group increased
on the 14th and 28th days compared to the vaccine group.
However, the increase was statistically insignificant (P > 0.05).
No differences were found between the neutrophil, eosinophil,
basophil and monocyte counts in the Oth, 14th and 28th day
groups. One study indicates that lymphocytes have 10 to 100
times more vitamin C than plasma (Mousavi et al., 2019). It has
been suggested that intra-peritoneal administration of vitamin
C to guinea pigs increases the mitotic activity of lymphocytes
(Carr & Maggini, 2017). In another study, it was reported that
vitamin C administered at different doses (25mg, 50mg and
75mg/kg/day for 30 days) to sheep exposed to heat stress
increased the lymphocyte count (Babe, 2011). The results of
this research are similar to those of Babe (2011), Carr and
Maggini (2017), and Mousavi et al. (2019). The reason for
this increase in the number of lymphocytes may be due to
the accumulation of vitamin C in lymphocytes and stimulating
lymphocytes in the direction of maturation, differentiation
and proliferation.

CONCLUSION

Blackleg is a rapidly developing bacterial disease that kills
cattle. It causes significant economic losses in the cattle
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breeding. The best way to prevent blackleg disease is to
immunize healthy animals. In this study, it was observed that
vitamin C, injected with 5mg/kg in different regions together
with the Blackleg vaccine, stimulated the immune system by
increasing the amount of serum IgG and lymphocyte count.
Because of this immune-boosting effect, it is recommended to
use vitamin C along with the blackleg vaccine in cattle. Thus,
the protective effect of the vaccine may be increased against
acute and fatal blackleg disease, which does not have a cure.
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ABSTRACT

Ectoparasite infestations are one of the most important but neglected diseases of birds. Ectoparasites
cause sirious harmful effects such as; irritation, feathers and skin damage, restlessness, anemia, weight
loss, transmission of other pathogens, reducing overall fitness and decreasing long term survival de-
pending on the intensity of the infestation. This study was performed to investigate the ectoparasites
of budgerigars and canaries in the center district of Burdur city, Turkey. For this purpose, we randomly
selected 555 budgies from 192 cages and 121 canaries from 49 cages owned by 12 different breeders.
The feathers of head, neck, abdomen, legs, tail, beak, under the wings, around the cloaca and feet of all
birds, in addition cages and cage equipments were examined in terms of ectoparasite infestations. As
a result; no ectoparasite species wete found on/between feathers and other body parts of overall 676
cage birds, however, a large number of Dermanyssus gallinae were found in cages and cage equipments.
Dermanyssus gallinae detected in rates of 28.65% and 28.57% in budgerigar and canary cages, respective-
ly. The present study is the first investigation on ectoparasites of budgerigar and canaries in Turkey and
rarely in the world. In addition, within this study, D. ga//inae infestation was reported for the first time
from budgerigar and canaries from Turkey.

O. YILDIZ : 0000-0002-7140-1384
O. KOSE  : 0000-0002-4021-7429

INTRODUCTION

The interaction between human and birds dates back many
thousands years ago when people began to use these animals
for meat, eggs, leather, feathers, bones, hunting or other put-
poses and today some species of birds continue to be a part
of families as ‘pets’ in many countries in the world (Anderson,
2010). The ‘pet bird’ term is being used for birds housed and
fed particularly for ornamental use, which can be classified
mainly in two groups; Passeriformes (canaries, finches, my-
nah, sparrows, etc.) called songbirds and Psittaciformes (bud-
gerigars, parakeets, parrots, etc.) (Boseret et al., 2013; Fard et
al., 2020). Health and welfare of ornamental birds is especially
essential because these animals have close bonds with humans
(Anderson, 2010; Fard et al., 2020).

Ectoparasite infestations are one of the most important and
neglected (Moller et al., 1990) diseases of the birds. Ectopar-
asites cause sirious harmful effects such as; irritation, feathers
and skin damage, restlessness, anemia, weight loss, transmis-
sion of other pathogens, reducing overall fitness (nestling sur-
vival, reproductive success etc.) and decreasing long term sur-
vival depending on the intensity of the infestation (Moller and
Lope, 1999; Kehlmaier and Quassier, 2013; Fard et al., 2020).
As far as is known; several species of Acarina (mites), Ixodida
(ticks), Phthyraptera (lice), Heteroptera (bugs), Siphonaptera
(fleas) and Diptera (flies) can be parasitized on birds (Kehlmai-
er and Quassier, 2013; Ombugadu et al., 2019).

Lice species seen on birds are included in the suborders
Ischnocera and Amblycera of the Phthiraptera order and have
chewing type of mouth structure, so they fed on skin debris
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and feathers. Because lices are obligate-permanent ectopara-
sites, they can not survive without a host for so long, there-
fore, the entire life cycle must be completed on the host (Om-
bugadu et al., 2019). Following lice, mites (Acati) considered
the second richest ectoparasitic group parasitized on birds
(Negm et al., 2018). Ectoparasitic mites of birds can be cate-
gorized mainly under two groups; those living in/around the
nest and permanently living on the host (Proctor and Owens,
2000). Ixodida (ticks) and Mesostigmata suborders of mites
include most of the temporary and permanent species (Proc-
tor and Owens, 2000). Ticks fed by blood sucking for a while
and leaving hosts, spend most of their time in hidden areas
like nests, burrows, crevices and cracks. Several soft (Argasi-
dae) and hard (Ixodidae) tick species parasitized on birds can
lead to anemia and paralysis (Gothe and Neitz, 1991) and also
transmit some pathogens such as bacteria, virus and protozoa
(Shah et al., 2004). Another blood-sucking and temporary ec-
toparasitic mite group belongs to Dermanyssus and Ornithonys-
sus genera. These are generally known, as ‘fowl mites’ or ‘red
poultry mite’, but actually their natural hosts are small passer-
ine birds (Proctor and Owens, 2000). Dermanyssus gallinae fed
by sucking blood, especially at night, from a very wide range
of hosts such as chicken, pigeon, house sparrow, starling, pet
canaries, parakeets, rarely cat, dog, rodent, horse and even hu-
mans (Mullen and Oconnor, 2002; Marchiondo and Endris,
2019).

According to literature review; there are several studies on
ectoparasites of ornamental or cage birds in the world (Hey-
len and Mattyhssen, 2008; Kounek et al., 2011; Boseret et al.,
2013; Kehlmaier and Quaisser, 2013; Moodi et al., 2013; Liv-
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inius et al., 2018; Saranya et al., 2018; Fard et al., 2020). How-
ever, there are limited studies on this subject in Turkey (Dik et
al., 2011; 2013).

The aim of the present study was to investigate the ectopar-
asites of the ornamental birds (budgerigars, canaries) in Burdur
city of Turkey.

MATERIAL and METHODS
Study area, animals and sampling

The study was conducted from September to December
2020 on randomly selected 555 budgies in 192 cages and 121
canaries in 49 cages belonging to 12 different breeders in the
center district of Burdur city, Turkey. The feathers of the head,
neck, abdomen, legs, tail, beak, under the wings, around the
cloaca and feet of all birds also cage equipments were exam-
ined in terms of ectoparasites. Detected samples were collect-
ed into eppendorf tubes containing 70% ethanol and trans-
ferred to the laboratory.

Processing and identification of ectoparasite

The collected samples were cleared in 10% KOH about 3 to
5 days, washed in distilled water for 24 hours and dehydrated in
70%, 80%, 90% and 99% series of ethanol (one day for each),
respectively, then the fixed slides were mounted with Canada

ri

Figure 1. Developmental stages of Dermanyssus gallinae; Egg (A),

balsam (Dik et al., 2013; Fard et al., 2020). Measurement of
the body dimensions of collected arthropods performed using
Olympus BX51 microscope and cellSense Standard 1.18 soft-
ware program. The identification was carried out with the help
of diagnostic key literature (Moss, 1968).

Statistical analysis

Statistical analysis of the data obtained in this study was pet-
formed with the help of MiniTab16 statistical software with
the Pearson chi-square test. The chi-square test was used to
compare the infestation rates between budgerigars and canar-
ies, and the observed differences were considered statistically
significant if the P value found was less than 0.05.

RESULTS

Depending on detailed examinations, no ectoparasite spe-
cies were found on/between feathers and other body patts of
overall 676 cage birds (555 budgeries, 121 canaries). However,
a large number of D. gallinae was detected in cages and cage
equipments. All developmental stages; 700 females, 247 males,
1142 proto and deutonymphs, 172 larvae and 1296 eggs of
D. gallinae were identified as seen in Figure 1 and Figure 2.

Infestation rates with D. gallinae of budgerigar and canary
cages presented in Table 1. Overall D. gallinae infestation rates

hatching larva (B), larva (C), protonymf (D), deutonymf (E), male

(F) (4x objective)
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Figure 2. Female Dermanyssus gallinae with egg (4x objective)

Table 1. Number of non-infested and infested budgerigar and canary cages with 2 gallinac

Breeder Number Number Number Num-  Number Number of
No of bud- of bud- of infested berof  of cana- infested ca-
gie cage gies budgie canary ries nary cage
cage cage

1 41 160 4 21 57 -

2 78 202 39 7 12 6

3 20 54 - - - -

4 - - - 5 12 5

5 - - - 4 6 -

6 - - - 5 16 -

7 9 15 8 3 3 3

8 - - - 3 13 -

9 20 66 - - - -

10 20 49 - - - -

11 4 9 4 - - -

12 - - - 1 2 -

Total 192 555 55 49 121 14

were 41.67% (5/12) and 28.63% (69/241) for breeders and
cages, respectively. For budgerigars; D. gallinae was detected in
4 of 7 breeders (57.14%), 55 of 192 cages (28.65%) and for ca-
naries in 3 of 8 breeders (35.5%) and 14 of 49 cages (28.57%).

According to the data; no statistical significance was found
for D. gallinae infestation rates between budgerigar and canary
cages and equipments (2= 0.000; DF = 1; P-Value = 0.992).

DISCUSSION

Ectoparasitic infestations should not be ignored, especially
because of causing harmful effects on the survival, develop-
ment and reproductive success of birds (Hamstra and Bady-

aev, 2009). In addition, the fact that ectoparasites are vectors
for various viral, bacterial and parasitic pathogens increases
their importance even more (Moller et al., 1990; Kehlmaier
and Quassier, 2013; Fard et al., 2020).

In some studies in Turkey (Dik et al., 2011; 2013) wild birds
were caught for a short time with various traps, the ectopara-
sites on them were collected, and then birds were released to
natural habitats. There are case reports about ectoparasites of
cage birds from Turkey (Dik, 2010; Koc et al., 2017) and some
other countries (Sychra et al., 2007; Alarcon Elbal et al., 2014).
In addition, there are some studies on ectoparasites detected
on birds in zoos (Sychra, 2005; Prathipa et al., 2013; Tags et
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al., 2020).

In a study conducted in the Czech Republic; three species
of Ornithomya (louse-flies), two species of fleas (Ceratophyllus
and Dasypsyllns), 15 species of chewing lice (Myrsidea, Mena-
canthus, Brueelia, Penenirmus, Philopterus) were reported on
82 birds of 23 wild passerine bird (Passeriformes) species (Sy-
chra et al., 2008). In a study performed in Bangladesh (Musa
et al, 2012); Menopone gallinae (16.66%), Menacanthus starminens
(33.33%), Colpocephalum turbinatum (33.33%), Coluntbicola colum-
bae (50%) and Lipenrus caponis (25%) lice species were reported
from 24 pigeons as given incidences. In a study from India
(Prathipa et al, 2015); Syringophilus sp. (14.51%) and Dermo-
ghphus sp. (17.74%) infestations were reported on psittacine
birds (budgerigars, African love birds and cockatiels). Cris-
tofani et al. (2017) reported Omiithonyssus sylviarum and Mena-
canthus eurysternus infestations for the first time from Italy in
78 captive canaries from an aviary. In another similar study;
Saranya et al., (2018) reported Columbicola sp., Menocanthus sp.,
Pseudolynchia sp. and Anaticola sp. infestations on captive wild
birds from India. In a study conducted in Iran (Fard et al,
2020); M. gallinae, M. stramineus, C. columbae, Goniodes pavonis,
Mpyrsidea fasciata, an unknown species from Philopetrus genus,
Abrgas reflexcu , Pseudolinchya, and Culicoides infestations were
reported in 318 birds belonging to four orders of Psittacines,
Columbiformes, Passeriformes, and poultry were examined
for ectoparasites. However, no ectoparasite infestation was
observed on examined canary and budgerigars in the same
study (Fard et al., 2020). From Ankara, the capital city of Tut-
key, D. gallinae infestations were reported on two species of
parrots in a case report study (Kog et al, 2017).

Best of our knowledge; the present study is the first investi-
gation study of ectoparasite of budgerigar and canaries in Tur-
key and one of the few studies in the world. In addition, within
this study, D. gallinae infestation is reported for the first time
from budgerigar and canaries from Turkey. The fact that only
D. gallinae was detected in this study does not mean that only
this species is parasitizing as ectoparasite in cage birds in the
Burdur region and Turkey. It is necessary to conduct detailed
studies in different regions using various methods to widen
our knowledge about the prevalence of ectoparasites and the
epidemiology of the diseases they cause. Additionally, no sta-
tistical significance was found on the budgerigar and canary
cages and equipments’ infestation rates with D. ga//inae. Based
on these findings, it can be concluded that D. gallinae does not
prefer one of these two bird species in terms of feeding and it
has a similar tendency for both bird species.

As an obligate hematophagous ectoparasite, red mite
D. gallinae, suck blood from mainly poultry, less common pet
birds, and even humans. In addition to its direct parasitic
effects such as anemia, weight loss, dermatitis and decrease
in egg production (Arends, 2008), it also has importance as
a carrier of several vectorborne pathogens (De luna et al,
2008; Sparagano et al., 2014; Sommer et al., 2016). Transmis-
sion of bacteria and viruses such as Salnonella enteritidis, Pas-
teurella multocida, Coxiella burnetti, Spirochetes, Fowl poxvirus,
Eastern, Western and Venezuelan equine encephalitis viruses
via D. gallinae to another host have been demonstrated. While

92

some others (8. gallinarnm, Chlamydia spp., Escherichia colz, Staph-

ylococens spp., Streptomyces spp., Newcastle disease virus, Plasmo-
dinm spp.) were just isolated from red mite and transmission
not proven yet (Valiente Moro et al., 2009; Ciloglu et al., 2020).
Due to its ability to suck blood from humans and its potential
vector role to various pathogen agents for both humans and
animals, it seems necessary to take preventive measures and
carry out more studies about D. gallinae and other arthropod
parasites of ornamental or cage birds.

CONCLUSION

In conclusion; this is the first investigation study of ecto-
parasites of budgerigar and canaries in Turkey. D. gallinae in-
festation is also reported for the first time from budgerigar and
canaries from Turkey within this study. Further studies need
to be performed to widen our knowledge about ectoparasite
infestations of ornamental birds and vectorial potential of ar-
thropods.
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ABSTRACT

The aim of this study was to describe a fast method for the purification of high-purity myoglobin
for mass spectroscopy analyses and to use it as standard grade material. A three-step fast protein
liquid chromatography (FPLC) method was used to produce high-putity myoglobin. SEC 650 gel
filtration followed by ENrich Q anion exchange chromatography was used to produce myoglobin in
acceptable purity for most research methods. A second filtration step was carried out with narrow
field SEC 70 gel to prepare high-purity myoglobin at standard-grade purity and suitable for mass
spectroscopy analyses. At least 90% pure myoglobin was obtained by applying two chromatography
steps to the samples of three species, and over 99% pure myoglobin was obtained in standard mate-
rial quality and suitable for mass spectroscopy when the additional narrow field SEC 70 chromatog-
raphy step was applied. The proposed method provided higher purity compared to other methods
and takes less time. FPLC columns significantly reduced the duration of the chromatography steps.
At the same time, the use of solid extraction columns instead of dialysis reduced the long overnight
dialysis process to a few minutes.
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INTRODUCTION

Myoglobin, a cytoplasmic protein found in cardiac and
skeletal muscle, is a one-polypeptide chain of 154 amino ac-
ids with a molecular weight between 14 and 18 kDa (Ordway
and Garry, 2004). Myoglobin’s primary structure varies among
species. These differences in amino acid sequences affect the
secondary structure as well as the chemical behavior of pro-
teins like polarity and isoelectric point. The characterization
of myoglobin from various animals has become an import-
ant subject in nutrition, food science, and biology. The amino
acid sequence of myoglobin from various species and edible
animals was identified previously. The primary structure of
myoglobin from livestock and edible animals like cattle, sheep,
pigs, horses, rabbits, goats, bison, buffalo, musk oxen, chick-
ens, turkeys, pheasants, tuna, mackerel, and sardine were es-
tablished and generally used for food safety and meat adul-
teration and authentication(Di Giuseppe et al., 2018; Dosi et
al., 2000; Joseph et al., 2011; Joseph, et al., 2010a; Mottola et

al., 2022; Nurilmala et al., 2018; Ragucci et al., 2019; Saud et
al., 2019; Suman et al., 2009; Tan et al., 2021)containing the
heme pigment, is present in large amount in meat, thus influ-
encing meat color and consumer choice. Here, the primary
structure of Mb isolated from muscle of Phasianus colchicus
L. was determined by using a comparative peptide mapping
approach based on MALDI-TOF mass spectrometry. This
strategy allowed the determination of common pheasant Mb
primary sequence, which resulted identical to the chicken Mb,
as also confirmed by intact molecular mass determination by
ESI/Q-TOF mass spectrometry. Indeed, the accurate molecu-
lar mass (17,290.50 Da. Suman et al. compared the amino acid
sequence of goat myoglobin with other ruminant myoglobin
sequences (sheep, cattle, buffalo, and deer). It was similar to
other ruminant myoglobin by having 153 residues. However,
the amino acid sequence in goat myoglobin was quite different
from that in sheep and other ruminants. The similarity be-
tween the myoglobin of the five tested animals was between
95.4% and 99.3% (Suman et al., 2009)(Table 1).

Table 1. Percentage sequence similarities among myoglobins from different meat-producing ruminant species. Goat (Capra
hircus); Sheep (Ovis aries); Cattle (Bos Taurus); Buffalo (Bubalus bubalis); Deer (Cervus elaphus) (Suman et al., 2009).

Species Goat Sheep Cattle Buffalo Deer
Goat 100
Sheep 98.7 100
Cattle 97.4 98.7 100
Buffalo 95.4 96.7 98.0 100
Deer 98.0 99.3 98.0 96.1 100
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In addition to health and food safety prospects in myo-
globin studies, it is also used widely in biological science as
a marker in evolution and taxonomy research (Di Giuseppe
et al., 2017; Enoki et al., 2008; Ragucci et al., 2022; Rome-
ro-Herrera et al., 1976). Purification of myoglobin is the first
and main step in research based on the characterization of
myoglobin either for health, nutrition, and food sciences or for
biological research. Cellulose and Sephadex-based columns are
widely used for the purification of myoglobin in research lab-
oratories. Yamazaki et al. described a two-column method at
alkaline pH for purification of oxymyoglobin with DEAE-cel-
lulose and another column that was not indicated (Yamazaki et
al., 1964). Similar time-consuming two-column methods were
developed in the following years (Gotoh and Shikama, 1974;
Shikama and Sugawara, 1978; Suzuki et al., 1980). Later Ren-
erre et al. described a two-step chromatographic method with
DEAE-Sepharose and TSK gel filtration columns (Renerre
et al., 1992) and Gatellier used a one-step chromatographic
method with an HPLC column for the purification of myo-
globin (Gatellier et al., 1993). Two-step purification methods
were still used for the purification of myoglobin with different
columns and buffers (Chotichayapong et al., 2016; Dosi et al.,
2012; Enoki et al., 2008; Giaretta et al., 2013). Although these
methods are generally effective, they are time-consuming, with
approximately two or three days needed to purify myoglobin
from one species.

Herein we describe an FPLC method that took less than
one day to produce high-purity myoglobin from different ani-
mals for mass spectroscopy (MS) analyses and standard prepa-
ration. In addition, we present a two-dimensional SDS-PAGE
method for characterizing and distinguishing myoglobin of
different animals from each other.

MATERIAL and METHODS
Materials

Cattle and chicken hearts were obtained from the local mar-
ket. A pig’s heart was obtained from a pork market in Istanbul.

ENrich SEC 650 and ENrich SEC 70 gel filtration chroma-
tography and ENrich Q anion exchange chromatography pre-
parative FPLC columns, IEF strips, precast gradient electro-
phoresis gels, and chemicals for IEF and electrophoresis were
obtained from Bio-Rad, USA. Amicon ultra-15 centrifugal fil-
ters were obtained from Merck Millipore, USA. PD-10 desalt-
ing columns were obtained from GE Healthcare, USA. Pure
horse myoglobin, size exclusion chromatography standards,
and other chemicals were obtained from Sigma-Aldrich, USA.

Methods
Heart homogenization and myoglobin extraction

The animal hearts were cut into small pieces and suspend-
ed in 50 mM potassium phosphate buffer containing 0.5 mM
EDTA (pH 7.4) at a ratio of 10 ml of buffer to 1 ml of meat
and homogenized using a blender/homogenizer on ice. The
resulting homogenate was then centrifuged at 20,000 X g for
40 minutes. The supernatant was filtered with Miracloth to re-
move fats and then centrifuged at 15,800 X g for 15 minutes
and the pellet was discarded. Supernatant fractions containing
myoglobin were pooled for the further steps.

SEC 650 size exclusion chromatography

All chromatography assays were carried out at 4 °C. An EN-
rich SEC 650 (10 X 300 mm) gel filtration column was used
for the first step of purification. The column was equilibrated
with 10 mM Tris-HCl buffer (pH 8.6) at a flow rate of 0.4 ml/
min prior to the experiment and all SEC 650 experiments were
carried out under the same conditions.

Preparation of a standard chromatogram for the ENrich SEC 650
size excclusion columm

Prior to the application of homogenate supernatant to the
column, the standard plot for the ENrich SEC 650 column was
prepared. A mixtute of six pure protein fractions, namely am-
ylase (200 kDa), alcohol dehydrogenase, (150,000 kDa), cattle
serum albumin (66 kDa), carbonic anhydrase (29 kDa), horse

2.6

24

13 14 15

1.6 1.7 1.8 1.9
Ve/V0

Figure 1. Standard plot for SEC 650 Gel Filtration chromatography column. Amylase 200
KDa(A), Alcohol Dehydrogenase, 150,000 KDa (AD), Cattle Serum Albumin 66KDa (BSA),
Carbonic Anhydrase 29KDa (CA), Horse myoglobin (M) 17 KDa, Cytochrome C 12,4 KDa.(C)
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myoglobin (17 kDa), and horse cytochrome C (12.4 kDa), was
applied to the column. The void volume (VO) of the column
and retention volumes (Ve) of the standards were determined
and a standard plot was drawn as a logarithm of molecular

Sarkarati, Soylemez Milli, Eren

and fractions near the retention time of 16 min with high ab-
sorbance at 527 nm were collected for the subsequent steps

(Figure 2).
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Figure 2. Size exclusion chromatogram of (A) cattle, (B) pork and (C) chicken
myoglobin by SEC 650 FPLC column. (-Blue line: A280 , Brown line: A527)

weight (LogMW) versus VO/Ve. The retention volume of the
myoglobin fraction determined was 15.55 ml (Figure 1).

SEC 650 sizge exclusion chromatography of meat samples

Supernatant from each animal heart was concentrated using
Amicon Ultra-15 centrifugal filters with a cutoff membrane of
10 kDa to discard the light proteins below 10 kDa and reduce
the volume of the sample to 1 ml, which is essential for gel
filtration applications. Next 1 ml of the concentrated materials
was applied to the column and the output of the column was
monitored at 280 nm for total protein and 527 nm for myo-
globin detection. The output was collected in 1-ml fractions

ENrich Q anion exchange chromatography

Fractions collected from the size exclusion chromatogra-
phy were then subjected to a PD-10 desalting column and the
bonded material was eluted with 10 mM Tris-HCI buffer (pH
8.6) and applied to an ENrich Q anion exchange column (10
X 100 mm) equilibrated with the same buffer at a flow rate of
1 ml/min. The column was washed with the same buffer until
A280 reached the baseline. Myoglobin was eluted from the col-
umn with a linear gradient of NaCl (0-1.0 M) in Tris-HCI (pH
8.0) buffer. The absotbance of the elusions at 280 nm and 527
nm was checked and fractions with high 527 nm absorbance
were collected. Pure horse myoglobin was also subjected to

MAE Vet Fak Derg, 8 (2): 95-103, 2023
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the same procedure for the determination of elution charac-
teristics. Pig, cattle, horse, and chicken myoglobin were eluted
at 0.20 M, 0.212 M, 0.256 M, and 0.370 M NaCl concentration
of elution gradient, respectively. The myoglobin fractions were
collected and stored for further steps (Figure 3).

Thermo Fisher Dionex 3000 UHPLC system with a diode ar-
ray detector. Myoglobin was characterized by the method de-
scribed by Giaretta et al. with some modifications(Giaretta et
al., 2013). A Protein-Pak Hi-Res QQ column [4.6 X 100 mm, 5
um (Waters SpA)] was used to separate myoglobin from differ-
ent species. To load samples 80% 20 mM glycine NaOH buf-
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Figure 3. Anion Exchange chromatogram of (A) horse, (B) pork, (C) cattle and (D) chicken myoglobin by Enrich Q FPLC

column. (TBlue line: A280, Brown line: A527)

SEC 70 size exclusion chromatography of meat sanmples

The fractions collected from the IEX steps were applied to
an ENrich SEC 70 column to remove the trace impurities and
to prepare samples for the analytical steps. The column was
equilibrated with 10 mM Tris-HCI buffer (pH 8.6) at a flow
rate of 0.4 ml/min prior to the experiment and all SEC 70 ex-
periments were carried out under the same conditions. Horse
myoglobin was used as standard and all myoglobin fractions
were eluted with 11.97-12.00 ml of elution buffer (Figure 4).

SDS-PAGE purity tests

The purity of samples was tested using SDS-PAGE. Sam-
ples were run on Bio-Rad “T'GX any kD” precast gradient gels
using the Laemmli buffer system (Laemmli, 1970).

Protein assay

Protein amounts in each myoglobin fraction were deter-
mined by the BCA method before mixing and application to
the UHPLC system.

Characterization of myoglobin from different species by HPL.C
UHPLC analysis of myoglobin was performed using a

98

fer pH 9.2 (mobile phase A) and 20% 20 mM glycine NaOH
buffer pH 9.2 containing 0.2 M NaCl (buffer B) were used.
The myoglobin was eluted by a linear gradient of buffer B
from 20% to 30% B for 7 min, followed by 70% for 2 min,
returning to 20% for the following analyses. The analyses were
carried out at a flow rate of 0.4 ml/min and 40 °C.

Towo dimension electrophoresis of mixed myoglobin
Isoelectric focusing of the myoglobin mixture

IEF was performed using a Bio-Rad Protean 112 IEF sys-
tem. A mixture of the 4 types of myoglobin studied was used
as the sample. Myoglobin samples were dried and resuspend-
ed in an IEF rehydration solution containing 8 M urea, 2%
CHAPS, 50 mM DTT, 0.2% carrier ampholyte, and 0.001%
bromophenol blue to a final concentration of 1 mg protein in
1 ml solution. Next 200 ul of the sample was pipetted into a
rehydration/equilibration tray and an IPG strip (pI +5-8) was
placed over it side down. The strip was incubated for 12 hours
for absorbing the sample. Ready strips were transferred to the
IEF system focusing tray for the first dimension of electro-
phoresis. The IEF program was started with an application of
250 volts for 20 minutes and a gradual increase in voltage to

MAE Vet Fak Derg, 8 (2): 95-103, 2023
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Figure 4. Size exclusion chromatogram of (A) horse, (B) cattle, (C) pork and (D) chicken myoglobin by SEC 70 FPLC

column. (TBlue line: A280, Brown line: A527)

8000 volts over 60 minutes. Power application continued until
the total amount of voltage applied reached 26000 volt hours.

Second dimension SDS-PAGE

The IPG strips were equilibrated before the SDS-PAGE
application. For this the proposed IPG strips were incubated
in equilibration buffers I and II containing 6 M urea, 2% SDS,
0.375 M Tris-HCI (pH 8.8), 20% glycerol, and 2% DTT for
buffer I and 2.5% iodoacetamide for buffer 11 for 10 minutes
each. The IPG strips then were placed on top of the SDS-
PAGE gels. Continuity was achieved with overlay agarose con-
taining 0.5% low melting point agarose in 25 mM tris, 192
mM glycine, 0.1% SDS, and a trace of bromophenol blue.
Electrophoresis was carried out until the bromophenol blue

Table 2. Purification steps of different animal myoglobin

reached the end of the SDS-PAGE gel. The Laemmli method
was used for the second dimension electrophoresis (Laemmli,
1970). Gels were removed from their cassettes and stained
with Coomassie brilliant blue R-250 stain.

RESULTS
Purification o mryoglobin

Myoglobin from 3 species was purified partially by one step
of gelfiltration and one step of ion-exchange chromatography
and purified completely by an additional step of narrow range
gel filtration chromatography (Table 2). The purity of myoglo-
bin obtained from the last step was also tested by SDS-PAGE
(Figures 5 and 0).

Cattle Pork Chicken
Purification purity yield  purity yield  purity yield
step (%) (fold) (%) (%) (fold) ) (%) (fold) (%)
Homogenate  25.69 1 100 22.85 1 100 24.72 1 100
Primary gel 77.84 3.03 7543  80.2 3.51 83.65 80 2.89 80.7
filtratio
Anyon 90.18 3.51 58.68  98.96 4.33 7203 92.26 3.73 4531
Exchange
Secondary 99.81 3.89 48.44 100 4.38 7127 99.1 4 30.7
gel filtratio
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Figure 5. SDS-PAGE of myoglobins after anion exchange chromatography.
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Figure 6. SSDS-PAGE of chicken myoglobin SEC
70 size exclusion chromatography. Left: molecular
wight Marker. Right: Chicken myoglobin.

Characterizing of myoglobin samples ed with HPLC. These results indicate that HPLC analyses of
myoglobin could be used as an effective method for determin-

Myoglobin from 4 different species was thoroughly separat- ing the species (Figure 7). Myoglobin fractions in the mixed
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Figure 7. HPLC chromatogram of mixture of 4 animal myoglobin. C:
Chicken, H: Equine, B: Bovine and p: porcine myoglobin peaks.

MAE Vet Fak Derg, 8 (2): 95-103, 202



samples were also thoroughly separated and characterized by
2-dimensional gel electrophoresis due to differences in their
iso-electric points (Figure 8) which also could be extracted
from 2-dimensional gel electrophoresis (Table 3)

pL 4.3 ey 2.2

'*’ ’ :::rz:* 9 |
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ion exchange chromatography steps take days to prepare pure
myoglobin(Chaijan et al., 2007; Joseph et al., 2010b), whereas
in our method the purification time is reduced to a few hours.
The repeatability and applicability of the procedure to differ-

0.0 1.0 8.5

()

Figure 8. 2D SDS-PAGE of myoglobin from different animals. (P: pork. B: Cattle. H:

Horse. C: chicken).

Table 3. Iso-clectric points of myoglobin from pork, cattle, horse and chicken

Myoglobin Isoelectric point
Pork 6.85
Cattle 6.89
Horse 7.12
chicken 7.95

DISCUSSION

Considering the results of the different purification steps,
the purity of myoglobin for analysis in HPLC or 2D electro-
phoresis is acceptable after one step of gel filtration and one
step of ion-exchange chromatography. These myoglobin frac-
tions had trace impurities, so this level of purity is not suffi-
cient for sequence analyses because of probable interference
by extraneous peptides. The second gel filtration step with a
narrow range gel filtration column was required for high-puri-
ty myoglobin production suitable for MS or sequence analyses.
The results of both the HPLC and 2D SDS-PAGE analyses
indicate that the products of this method meet the purpose
of the study and could be used as standard materials for the
determination of species in meat analyses in food safety and
meat adulteration or any biological analyses.

CONCLUSION

The preparation of pure proteins is a major topic in bio-
chemistry and many studies have been carried out to find an
easy, feasible, and effective method for the purification of var-
ious proteins. In the present study, we introduced a fast and
effective method for the purification of myoglobin as standard
material for use in further analyses in species determination.
The existing methods based on ammonium sulfate fraction-
ation, dialysis and conventional low-pressure gel filtration, and

ent animal species are other advantages of our method. Un-
equal retention times in HPLC and separate points in 2D gel
electrophoresis make myoglobin a favorable material in spe-
cies determination. After specifying the position of myoglo-
bin from each animal species by using standard myoglobin, a
whole protein fraction of meat could be used after a simple
protein isolation step. Special 2D gel analysis and comparison
software is required for this purpose. The lack of this type of
software limited our study in the case of studying mixed meat
samples.
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ABSTRACT

The liver is susceptible to toxic effects, as it is the main site of acrylamide biotransformation and
detoxification. Researchers have claimed that placental growth factor (PIGF) and its pathway are
potentially involved in numerous diseases, including liver fibrosis and angiogenesis. Oleuropein is
a natural phenolic compound with potent antioxidant effects. The purpose of this study was to
examine the role of PIGF and the potential protection provided by oleuropein in acrylamide hepa-
totoxicity. Wistar albino rats were assigned into control, acrylamide (ACR) (5 mg/kg), oleuropein
(OLE) (4.2 mg/kg), and ACR+OLE groups. Actylamide and oleuropein were administered for 21
days. The control group received only physiological saline. Liver tissues were evaluated histologically
and immunohistochemically. Histological examinations revealed significant enlargement of the sinu-
soidal vessels and abundant hepatocytes with pyknotic nuclei in the ACR group. Acrylamide toxicity
resulted in elevated PIGFE, accumulation of 8-hydroxydeoxyguanosine (8-OHdG), and increased
Caspase-3 immunoreactivity in the liver. Oleuropein treatment reduced the increased expression of
PIGE, 8-OHdG, and Caspase-3 against these deleterious effects observed in the ACR group. A posi-

ORCID tive correlation was observed between PIGF levels as well as oxidative stress and apoptosis markers

M. TATAR : 0000-0002-5707-8832 ; H L. H ; H . i f vl

KK. TOFEKCI : 0000-0002-4722.3813 in :ilc.rylamlde toxicity. Oleuropein probably counteracted this mechanism by exhibiting antioxidant
actlvlty.

INTRODUCTION

Acrylamide was first discovered in 1893, and in 2002 re-
searchers reported its presence in commonly consumed food-
stuffs (Omar et al., 2015). Acrylamide is classified as a “possi-
ble carcinogen” and is found in heat-treated products, as well
as cigarettes, soaps, plastic products, cleaning products, and
baby foods (Esposito et al., 2021; Pietropaoli et al., 2022). Ex-
posure to acrylamide causes toxic effects in the digestive tract,
liver, kidney, heart, lung, and brain. A previous experimental
study reported elevation in total oxidative state and malondi-
aldehyde (MDA) levels in the rat liver following 21-day expo-
sure to acrylamide, while the expression level of some antiox-
idant enzymes decreased (Rifai and Saleh, 2020). Acrylamide
can also cause dysfunction and considerable reactive oxygen
species (ROS) production by altering the mitochondrial mem-
brane potential of hepatocytes (Seydi, 2015). Exposure to
acrylamide in animal models results in several ultrastructural
abnormalities with increases in MDA and reduced glutathione
(GSH) and superoxide dismutase (SOD) levels in liver tissue
(Gao et al.,, 2022). This means that the liver is directly affected
by oxidative stress.

Although numerous studies have addressed acrylamide
hepatotoxicity from different perspectives, the manner in
which placental growth factor (PIGF) expression changes has
not been previously examined. Acting as a pleiotropic cyto-
kine, PIGF stimulates the growth, migration, and survival of
endothelial cells and promotes pathological angiogenesis and
wound healing (Li et al., 2017). Nutritional factors may cause
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changes in the liver, such as hepatocyte degeneration, necrosis,
and replacement of the parenchyma by fibrotic tissue, result-
ing in loss of function. These events actually occur as a result
of the activation of proinflammatory and profibrotic path-
ways. On the other hand, PIGF pathway blockade was found
to cause no harm to healthy blood vessels, and pathological
angiogenesis decreased (Li et al., 2017). Increased expression
of PIGF has been shown in cirrhotic liver and hepatocellular
carcinoma in both human and rodent models (Dewerchin and
Carmeliet, 2012). Inhibition of PIGF has been shown to sup-
press liver fibrogenesis, reduce portal hypertension, and inhib-
it hepatocellular carcinoma (Heindryckx et al., 2013).

Polyphenols are natural antioxidants and chemoprotective
agents that exhibit protective effects against diseases associat-
ed with oxidative stress and mitochondrial dysfunction. Oleu-
ropein is the most important bioactive phenolic glycoside in
olive leaves (Topuz, 2022). It exhibits powerful antioxidant
and anti-apoptotic effects in several diseases (Alarcon de la
Lastra, et al., 2001). On the other hand, inhibition of oxidative
stress development can prevent structural and functional ab-
normalities in the liver. Various studies have reported strong
evidence that oleuropein exerts a hepatoprotective effect
(Yoon, 2018).

This study investigated the relationship between PIGF ex-
pression and oxidative stress, and the possible protective ac-
tion of oleuropein, a subject which has not been investigated
in previous studies of acrylamide-induced liver toxicity.
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MATERIAL and METHODS
Experimental Design

Twenty-four Wistar albino rats were assigned into four
groups - control, oleuropein-treated (OLE group - 4.2 mg/
kg), acrylamide (ACR group - 5 mg/kg acrylamide BioShop,
Cat No. 79.06.1), and oleuropein+acrylamide (ACR+OLE
group - 5 mg/kg ACR+ 4.2 mg/kg OLE). The control group
was given saline solution only. All animals received reagent for
21 days in saline solution via oral gavage. All animal proce-
dures were approved and supervised by the Balikesir Univer-
sity Ethical Committee (ethical approval number 2022/10-2
with dated 05.01.2023).

On the 21* day of the experiment, the animals were anes-
thetized with ketamine (50 mg/kg) and xylazine (10 mg/kg)
and sacrificed by cervical dislocation.

Oleuropein was obtained from Southern Marmara olive tree
leaf extract. The amount of oleuropein in 100 mg/ml extract
was determined as 4.2 mg using the HPLC method (Sharif et
al., 2021)

Histological procedure

Ten percent neutral buffered formalin solution was used to
fix the liver tissues. For histological tissue processing, tissues
were washed overnight in running water and embedded in par-
affin after dehydration and xylene clearing, Five-micrometer
sections were taken from the tissues in the paraffin blocks by
means of a microtome (Leica, Multicut, Germany) and stained
with hematoxylin and eosin. Finally, histopathological changes
in the liver were evaluated and photographed under light mi-
croscopy (Zeiss Axiolab 5, Jena, Germany).

Immunobistochemical procedure

Five micrometer-thick sections were taken from the paraf-
fin blocks. After deparaffinization, these were incubated with
citrate buffer for antigen retrieval. They were then treated with
3 % hydrogen peroxide for inhibition of endogenous perox-
idase activity. Ten percent normal goat serum was used for
non-specific binding inhibition.

The primary antibodies PIGE, 8-OHdG, and Caspase-3
(PIGF 1:250, NBP2-67067, Novus Biologicals; 8-OHdG:
1:400, BS-1278R, Bioss; Caspase-3: 1:250, BS-0081R, Bioss)
were next incubated with the liver sections for one night and
subsequently treated for 60 min at room temperature with the
horseradish peroxidase-conjugated secondary antibody. Im-
munostaining was visualized with fresh DAB solution. The
sections were finally counterstained with Gill’s hematoxylin
and mounted. The staining results were evaluated under a light
microscope (Zeiss Axiolab 5, Jena, Germany).

Assessment of immunobistochemical reactivity

The histoscore (H-score) of the semi-quantitative staining
intensities was obtained by evaluating the proportion of pos-
itive cells and the degree of staining (0, unstained; 1, weak; 2,
median; and 3, strong), and values between 0 and 300 were
found. The expression level of each antibody was subjected to

statistical evaluation based on the median H-score value. Eval-
uations were performed by two different researchers (Numata
et al., 2013).

Statistical Analysis

The study data were expressed as mean * standard deviation
and analyzed on SPSS software package (version 22; SPSS Inc.,
Chicago, IL, USA). Significance differences were determined
by means of One-Way ANOVA and Tukey’s multiple compari-
son post-hoc test. ¥p<0.05 and **p<0.01, as appropriate, were
regarded as statistically significant.

RESULTS
Acrylamide causes serions histopathological changes in the liver

The histopathological findings for the study groups’ H&E-
stained liver tissues sections are given in Figure 1. Accordingly,
while the tissues from the control group exhibited a normal
histological appearance, a few cells in the OLE group exhib-
ited acidophilic staining (thin arrows). In the ACR group, the
presence of diffuse acidophilic staining cells around the portal
vein was noteworthy, and these cells were thought to be ne-
crotic. Additionally, dilated sinusoids surrounding the dilated
central vein were noted (arrow heads). The cytoplasmic bor-
ders of hepatocytes were unclear, and many contained pyknot-
ic nuclei (thick arrow).

Olenropein lowered increased PIGE immune expression in liver tissues
exposed to acrylamide

The H-scores of the angiogenic marker PIGF were exam-
ined immunohistochemically in liver sections from all the ex-
perimental group, as shown in Figure 2A. Statistical analysis
of the positive PIGF- stained cells in liver sections revealed
that exposure to acrylamide (291 + 25.88) significantly in-
creased PIGF expression in the liver compared to the control
group (118 £ 18.17) (p < 0.01). However, significant decreases
were found in the ACR+OLE (145 + 16.75) and OLE (123 £
13.54) groups compared to the ACR group (p < 0.01) (Figure
2A and Figure 3).

Olenropein attennates acrylamide-induced liver apoptosis in rats

This study next investigated the roles of oleuropein in
acrylamide-induced apoptosis. The results showed that oleuro-
pein significantly inhibited the activation of apoptotic markers
against the promotion of Caspase-3 in acrylamide application.
Statistical analysis of the Caspase-3 positive stained cells in liv-
er tissue are shown in Figure 2B.

The OLE group exhibited mild expression (140 + 25.64).
Acrylamide treatment caused a marked elevation in H-scores
(296 * 21) compared to the control group (91.6 £ 29.43), while
a significant decrease was found in the ACR+OLE group
H-scores (229 + 17.17) compared to the ACR group (p < 0.01)
(Figure 2B and Figure 4).

Olenropein mitigates oxidative stress-induced DNA damage

Since DNA damage has been identified in case of acryl-
amide exposure, we stained liver tissue sections for 8-OHdG,

MAE Vet Fak Derg, 8(2): 104-111, 2023
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Figure 1. Photomicrographs representing H&E staining in liver sections. The control
group (a, b) exhibits normal histological architecture in both the portal area (Pa) and central
vein (Cv). Although acidophilic staining cells were noted in hepatocytes near the portal
area in the OLE group (c), the structure of the central vein and surrounding hepatocytes
were normal in appearance (d). However, in the ACR group, numerous hepatocytes with
impaired integrity, unclear borders, and acidophilic staining (thin arrows) were observed
near the portal area (e). Also, some hepatocyte nuclei have pyknotic nuclei (thick arrows)
(e). The central vein was dilated, and dilatation was also present in the sinusoidal vessels
between the hepatocyte cords (arrow heads) (e, f). However, oleuropein successfully
protected the normal structure against the destructive effects of acrylamide in both the
portal area and central vein structures in the ACR+OLE group (g, h). Paraffin, Scale bar:
150 pm and 80 um for left and right panels.
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Figure 2. Statistical expression of the H-scores for PIGE, Caspase-3, and 8-OHdG expression in all
the study groups. In the ACR group PIGF, Caspase-3, and 8-OHdG H-score was significantly increased
compared to the other groups (p < 0.01). On the other hand, the A+O group H-score of PIGF and
8-OHdG was significantly decreased from the ACR group (p < 0.01). Besides this, the A+O group PIGF
H-score did not differ from the control group (p >0.01).
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Figure 3. Immunohistochemical staining of PIGF in all four groups. Staining intensity
of control, OLE and A+O groups (a, b, d) was similar. On the other hand, significantly
increased cytoplasmic and nuclei staining of PIGF was observed in the ACR group (c). In
addition, PIGF was widely expressed in most of the hepatic parenchyma of the ACR group
and around the portal area. Arrow, positive stained cells; Pa, portal area; Cv, central vein.
Strept-ABC, DAB, paraffin section. Scale bar: 100 pm for all panels.
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Figure 4. Immunohistochemical staining of Caspase-3 in all four groups. The control,
OLE, and A+O groups (a, b, d) showed moderate immunoreactivity while increased
cytoplasmic and nuclei staining of hepatocytes against the Caspase-3 antibody was
observed in the ACR group (c). Arrow, positive stained cells; Pa, portal area; Cv, central

vein. Strept-ABC, DAB, paraffin section. Scale bar: 100 um for all panels.

a marker of oxidative stress-induced DNA lesions, in order to  trast, the OLE+ACR group liver tissue sections exhibited low-
investigate the association between oleuropein and increased  er 8-OHdG expression (152 * 38.35) than the ACR group (p <
oxidative stress levels. Immunohistochemical analysis revealed  0.01) (Figure 2C and Figure 5). It may therefore be concluded
stronger 8-OHdG staining in liver tissues (271 + 36.53) in the  that oleuropein mitigates acrylamide-induced DNA damage.
ACR group compared to the control group (p < 0.01). In con-
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all four group;. Staining

intensity of control, OLE and A+O groups (a, b, d) was similar. On the other hand, it
was determined that the expression of 8-OHdG increased significantly in the nucleus and
cytoplasm of hepatocytes around the central vein. Arrow, positive stained cells; Pa, portal
area; Cv, central vein. Strept-ABC, DAB, paraffin section. Scale bar: 100 um for all panels.

DISCUSSION

The findings of this study revealed that oleuropein regulates
PIGF levels by reducing Caspase-3 and 8-OHdG immunore-
activity, which increased notably with exposure to acrylamide.
Our findings also support the idea that PIGF plays an import-
ant role in the pathogenesis of acrylamide hepatotoxicity and
indicate that it may be a potential therapeutic target in acute
acrylamide exposure. In addition, reduction of this angiogenic
factor by oleuropein in acrylamide-exposed rats resulted in im-
provements in hepatic structures.

Increases PIGF in the liver is reported to cause liver damage,
activation of monocytes and hepatic macrophages, fibrosis de-
velopment, and hepatic inflammation (Li et al., 2017). An ani-
mal study in which PIGF was blocked by antibodies or genetic
ablation reported decreased fibrogenesis and portal hyperten-
sion, as well as inhibition of the activation of hepatic stellate
cells (Yano et al., 2008). In another study, Yano et al. reported
that increased cytokine levels may contribute to an increase in
PIGF levels (Yano et al., 2006). Various studies have reported
that ACR supports inflammation, and that increased ROS lev-
els promote a rise in the levels of proinflammatory cytokines
(Ghortbel et al., 2015; Sengul et al., 2021). Another previous
study reported significantly increased TNF-o and I1L-1f levels
in acrylamide-induced neurotoxicity (Santhanasabapathy et al.,
2015). Researchers have also reported that, in addition to these
cytokines, IL-6 also increased with acrylamide toxicity (Ghor-
bel et al., 2015). The increase in PIGF in the present study may
have occurred through this mechanism. Although we did not
measure proinflammatory cytokine levels, oxidative stress and
DNA damage markers were correlated with increased PIGF in
acrylamide exposure.

Oxidative stress plays a key role in the pathogenesis of
acrylamide toxicity (Sengul et al., 2021; Uthra et al., 2022). The
oxidative stress induced by acrylamide is related to changes in
cellular antioxidant status. A previous study of acrylamide-in-
duced nephrotoxicity observed that renal lipid peroxidation
raised MDA levels and also resulted in a significant reduction
of GSH, GPx, SOD, and CAT activities (Sengul et al., 2021).
Significantly increased expression of Caspase-3, a key prote-
ase activated in the early period of apoptosis, is occurs in the
sciatic nerves, spinal cord, and kidneys of rats treated with
acrylamide (Li et al., 2006; Sengul et al., 2021). In the present
investigation, and similarly to previous studies, acrylamide sig-
nificantly increased the immunodensity of apoptosis protein
Caspase-3 and stimulated apoptosis (Seydi, 2015). An increase
was also determined in the immunoactivity of 8-OHdG, the
principal indicator of DNA damage, in the ACR group. Sim-
ilarly, there are studies showing marked 8-OHdG elevation in
groups treated with acrylamide compared to normal healthy
groups (Bin-Jumah et al., 2021; El-Beltagi, 2016).

The histopathological investigations in this study also coz-
roborated the hepatotoxic effects of acrylamide. Previous
studies have demonstrated that acrylamide causes severe his-
topathological changes in the liver (Gao et al., 2022; Gedik
et al,, 2017). Researchers reported that these changes in liver
tissue are based on oxidative stress (Gedik et al., 2017). Our
histopathological results also support this view corelated with
literature.

In addition, in the present study, treatment with oleuropein
after acrylamide intoxication reduced Caspase-3 and 8-OHdG
expression levels in liver tissues. This may be attributed to the
fact that oleuropein exhibits antioxidative and anti-inflammato-
ry activities (Bakir et al., 2018). The hydroxyl groups (especially
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the 1,2-dihydroxybenzene part) in the chemical structure of
oleuropein can donate hydrogen to prevent oxidation, bestow-
ing strong antioxidant activity (Hassen, 2015). In agreement
with our findings, it has been proved in various experimen-
tal toxicology models that oleuropein is capable of reducing
8-OHdG formation and oxidative stress (Bakir et al., 2018;
Koc et al., 2019). Numerous previous studies have also shown
that oleuropein attenuates neuronal toxicity (KKhalatbary and
Ahmadvand, 2012; Khalatbary et al., 2015), myocardial dam-
age and liver toxicity (Jemai et al., 2020) by mitigating several
apoptotic factors (Manna et al., 2004).

Studies specifically addressing the hepatoprotective effects
of oleuropein show that it attenuates 3-Nitrotyrosine forma-
tion, and NF-kB and Caspase-3 activation (Domitrovic et al.,
2012). In addition, immunohistochemical analyses have con-
firmed that oleuropein regulates smooth muscle o-actin, toll-
like receptor-4, NADPH oxidase, collagen ol types I and 111,
transforming growth factor 31, and fibroblast growth factor
receptor 1, finally reducing liver fibrosis and necrosis (Kim et
al., 2014).

CONCLUSION

The findings of this study strongly support the idea that
PIGF is a marker of acrylamide toxicity and correlates with
increased apoptosis and DNA damage in liver tissue.

Taken together, our findings show that oleuropein reduces
increased liver damage and PIGF expression levels induced by
acrylamide treatment in rats. The mechanism underlying these
effects may be at least to some degree related to the protection
provided by oleuropein against acrylamide-induced apoptosis
and DNA damage in the rat liver. On the other hand, it is a
limitation in this study that the mRNA expression levels of
PIGF, Caspase-3 and 8-OHdG have not been investigated. It
is recommended to use western blot and gRT-PCR methods in
studies to elucidate the undetlying mechanisms.
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INTRODUCTION

Staphylococcus anrens is a ubiquitous, opportunistic, and com-
mensal pathogen that may result in both community-acquired
or nosocomial infections (Kadariya et al., 2014). On the other
hand, S. awureus is one of the most common causes of subc-
linical mastitis in dairy cows and, therefore one of the most
common causes of antibiotic treatment (Bouzidi et al., 2023).
Nonetheless, methicillin-resistant Staphylococcus anrens (MRSA)
is considered a critical threat, with 10,600 deaths and 323,700
cases per year, according to Antibiotic Resistance Threats 2019
report in the US (Centers for Disease Control and Prevention,
2019). Therefore, the treatment of staphylococcal infections is
of great importance in terms of public health.

MRSA is often analyzed from food and livestock samples
(Aires-de-Sousa et al., 2017; Sergelidis and Angelidis, 2017).
Besides their resistance to almost all beta-lactam antibiotics,
resistance to vancomycin and linezolid, which are considered
last resort antibiotics and therefore critical, has become a sig-
nificant concern for human and animal health for reducing tre-
atment choices of severe infections caused by MRSA (Onaran
et al., 2019; Mamfe et al., 2021).

Opver the years, the common use of vancomycin in healt-
hcare institutions has led to the emergence of glycopepti-
de-resistant strains of . awrens. Vancomycin-resistant S. aureus
(VRSA) cases are increasing daily; this situation is considered
an important threat to public health. Following the first report
from Japan in 1997, VRSA has been reported in various count-
ries (Adegoke et al., 2014). However, most of these reports
are related to hospitalized human patients with pre-existing
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MRSA infections (Lienen et al., 2022).

Linezolid-resistant S. awurens (LRSA) strains in humans, li-
vestock, and food have been reported in studies; however, the
prevalence of resistance was generally lower compared to ot-
her antibiotics (Timmermans et al., 2021). In one health con-
text, the handling of livestock or food has been indicated as
a risk factor for livestock-associated MRSA infections in ani-
mals (George et al., 2017). Therefore, it should be taken into
account that the ingestion of LRSA from livestock animals
can lead to antibiotic-resistant infections in people related to
the food or livestock industry. In conclusion, monitoring an-
tibiotic resistance in MRSA from livestock and food is highly
significant (Lienen et al., 2022).

The E-test method is a suitable option because it is an eas-
y-to-apply and quick-result analysis used to determine whether
an isolate is antibiotic-resistant by detecting the Minimal Inhi-
bition Concentration (MIC) value of the determined antibio-
tic. The results are also easy to interpret. For the reasons men-
tioned above, it has been suggested to use the E-test method
as a routine test to determine the MIC values of antibiotics
(Tandel et al., 2012; Phillips et al., 2016). For this reason, this
study aimed to detect vancomycin, teicoplanin, and linezolid
resistance of milk-borne MRSA isolates with subclinical mas-
titis by the E-test method.

MATERIAL AND METHODS
Bacterial isolates

The current study used 34 MRSA isolates that were previ-
ously isolated in a study conducted by Keyvan et al. (2020).
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Briefly, bulk tank milk samples were subjected to plating on
a medium known as rabbit plasma fibrinogen agar (BP-RPE,
Oxoid, Italy) and subsequently incubated at a temperature of
37°C for a duration of 24-48 hours. The isolates verified by
PCR analysis with primer pairs of species-specific 7, coa, and
mecA genes were used.

Minimal Inhibition Concentration values

The resistance profiles of these isolates against vancomyecin,
teicoplanin, and linezolid antibiotics were investigated using
the E-test method to determine MIC values. Using the swab
technique, bacterial suspensions of a 0.5 McFarland standard
inoculum in BHI (Brain Heart Infusion) broth (Merck 110493,
Darmstadt, Germany) were spread on Mueller Hinton Agar
(Oxo0id CM0337, Dublin, Ireland) plates. Vancomycin and tei-
coplanin MIC values of the isolates were determined using Hi-
media EM111-60ST (Maharashtra, India), and linezolid MIC
values were determined using Himedia EM029-60ST (Maha-
rashtra, India) E-test strips. E-test strips were placed onto the
agar plates and incubated at 35°C for 24-48 h. After incuba-
tion, isolates were categorized as susceptible, intermediate, or
resistant to related antibiotics considering the breakpoints sta-
ted by the Clinical and Laboratory Standards Institute (CLSI)
and European Committee on Antimicrobial Susceptibility Tes-
ting (EUCAST, 2023).

According to EUCAST breakpoint tables for interpretation
of MICs and zone diameters version 13.0, 2023, for S. aureus,
breakpoints for teicoplanin and vancomycin is 2 pg/ml and
the linezolid breakpoint is 4 ng/ml. In other words, isolates
with vancomycin and teicoplanin MIC values above 2 pg/ml
were evaluated as vancomycin and teicoplanin-resistant isola-
tes, and linezolid MIC values above 4 ug/ml were evaluated as
linezolid-resistant . awrens isolates (Huropean Committee on
Antimicrobial Susceptibility Testing, 2023).

On the other hand, according to CLSI (2023), breakpoint
table M100, 33 rd. edition, isolates with vancomycin MIC va-
lues of 4-8 ug/ml were considered intermediate, and those
with 16 pg/ml and above were considered resistant; teicopla-
nin MIC values of 32 pg/ml and above were considered resis-
tant, and those with 16 pg/ml were considered intermediate;
linezolid MIC values of 8 ug/ml and above were considered
resistant (Clinical and Laboratory Standatds Institute, 2020).

RESULTS

The vancomycin, teicoplanin, and linezolid MIC values of
the isolates are given in Table 1.

According to EUCAST MIC values, three of the MRSA
isolates were determined as vancomycin-resistant and four as
linezolid-resistant, but none of the isolates were determined as
teicoplanin resistant. In addition, one of the isolates was found
resistant to both vancomycin and linezolid. By the MIC values
reported by CLSI, one of the isolates was intermediate resis-
tant to vancomycin, and two isolates were resistant to linezo-
lid, while none of the isolates were analyzed to be resistant to
teicoplanin. The numbers of isolates defined as vancomycin,
teicoplanin, and linezolid resistant, intermediate, and suscep-
tible according to EUCAST and CLSI are given in Table 2.

DISCUSSION

Antibiotic resistance has increased among various pathogens
and the risk of transmission of resistant microorganisms to
humans, as well as the ineffectiveness of current antibiotic the-
rapy, has become a critical public health concern (Campos et
al., 2022). In the livestock industry, subclinical mastitis causes
problems related to the use of antibiotics and hence economic
losses not only in Turkey but also worldwide (Vanderhaeghen
et al,, 2010). Although herd management programs can help
reduce the number of clinical cases, . aureuss-related masti-
tis is one of the leading causes of bovine mastitis. Moreover,
MRSA, which causes nosocomial infections and high morta-
lity in humans, has been frequently isolated from subclinical
mastitis cases in recent years (Bouzidi et al., 2023; Algammal
et al., 2020).

Food can also be contaminated with MRSA at various sta-
ges of food processing from food-producing animals or by
infected food industry workers (Al-Amery et al., 2019) such as
the incidence of subclinical mastitis in dairy farming, mistre-
atment of animals, and poor sanitation conditions. Treatment
failure is due to the ineffective use of antibiotics, the emergen-
ce of multidrug-resistant pathogens, and chronic infections
with fibrosis (Seegers and Fourichon, 2003; Keyvan, 2023).

The study determined that 8.8% of MRSA isolates isola-
ted from milk with subclinical mastitis were also resistant to
vancomycin and 11.7% to linezolid, according to EUCAST.
Data from the study reveal the status of the efficacy of the

commonly used antibiotics vancomycin and linezolid against
MRSA infections.

Vancomycin is widely used for the treatment of serious
MRSA infections. To date, intermediate or resistant to van-
comycin (MIC>2 pg/ml) animal-origin MRSA isolates are ra-
rely encountered (Al-Amery etal., 2019). However, MRSA iso-
lates with vancomycin MICs at the upper end of the sensitive
range (MIC=1.5 to 2.0 pg/ml), which constitute the majority
(82.3%) of our isolates, are also more common, especially in
patients who received prior treatment with vancomycin. Van-
comycin MICs of 1.5 and 2.0 pg/ml are associated with the
ineffectiveness of vancomycin treatment (Maor et al., 2009;
Sotiano et al., 2008). It should be noted that contamination of
the environment with VRSA in human health facilities leads
to further colonization of food-producing animals (Charlton
et al., 2014). The study conducted by Oztutk et al. (2019) de-
monstrated that S. aureus strains isolated from goat milk in a
similar region of Turkey showed sensitivity to vancomycin.

The isolates with vancomycin MIC values of <2 pg/ ml used
in the study were reported susceptible according to EUCAST
and CLSI breakpoints. However, for some MIC values, there
is a discrepancy between the relevant guidelines regarding the
identification of resistant and susceptible isolates. EUCAST
breakpoints state that MICs>2 pg/ml should be reported as
resistant (Huropean Committee on Antimicrobial Susceptibi-
lity Testing, 2023), while CLSI considers MICs of 4-8 ug/
ml to be moderate and those 216 pg/ml as resistant (Clinical
and Laboratory Standards Institute, 2020). The resistance sta-
tus of isolates varies depending on which guidelines are taken
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Table 1. Vancomycin, teicoplanin, and linezolid MIC values of the MRSA isolates (ug/ml)

Sample Code VAN TEI LIN
8b 2 0,5 3
10b 1,5 1 0,75
11a 2 1 1
15a 1,5 0,5 2
16 1,5 0,5 3
17b 1,5 <0,5 4
19a 1,5 0,75 2
20a 2 <0,5 2
25b 4 0,5 8
26a 3 0,5 2
26b 1,5 0,5 3
29a 1,5 0,5 6
29b 2 0,5 4
31a 1,5 <0,5 <0,5
31b 2 0,5 1,5
32b 1,5 0,75 8
38a 1,5 0,75 0,75
39a 1,5 0,5 3
41a 1,5 0,75 2
46b 2 0,5 2
48a 1,5 0,75 3
57 1,5 0,75 4
62 2 0,75 3
05 1 1 2
89b 1 0,5 2
99 1,5 <0,5 2
100 3 <0,5 3

101b 1,5 <0,5 6
102a 2 0,75 4
104b 2 0,5 3
107a 2 0,75 2
109a 2 0,75 2
115b 2 0,5 3
120b 1 0,5 2

VAN: vancomycin, TEI: teicoplanin, LLIN: linezolid

Table 2. Number of isolates defined as resistant, intermediate, and susceptible to vancomyecin,
teicoplanin, and linezolid, according to EUCAST (2023) and CLSI (2023).

VAN TEI LIN
Number of isolates
R I S R I S R I S
EUCAST 3 - 31 - - 34 4 - 30
CLSI - 1 33 - - 34 2 - 32

VAN: vancomycin, TEI: teicoplanin, LIN: linezolid; R: Resistant; I: Intermediate; S: Susceptible
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as a basis. To cite an example from our study, only one isolate
(2.9%) in the study was intermediate for CLSI, while 3 (8.8%)
were resistant to vancomycin for EUCAST guidelines. As a
striking detail from the results, the intermediate-resistant isola-
te was also completely resistant to linezolid according to both
EUCAST and CLSI. In addition, 5.8% (2/34) of the isolates,
according to CLSI, and 11.7% (4/34) of the isolates accor-
ding to EUCAST were resistant to linezolid. Therefore, when
determining vancomycin resistance, the MIC value of the iso-

late or the guideline for which the resistance was determined
should be specified.

The use of vancomycin in the treatment of MRSA infe-
ctions is becoming more and more suspicious, especially as
reports of decreased susceptibility of isolates become more
common (Al-Amery et al., 2019; Charlton et al., 2014). On the
other hand, various studies had highlighted the association of
vancomycin with nephrotoxicity, which is more common in
higher doses (=4 g/d) in treatment for S. aureus (Stokes, 2017).
In light of the data obtained from our study, it can be said that
the use of linezolid in MRSA infections has become useless.

Determination of MIC values is frequently used in making
treatment decisions, especially to determine the decreased
vancomycin susceptibility in MRSA isolates and to increase
treatment efficiency. Alternative treatments to vancomycin
are limited in MRSA infections. Linezolid is frequently used in
the treatment of MRSA. However, the increasing number of
LRSA isolates in studies from both isolates from hospital-a-
cquired infections and isolates from food-producing animals
makes the efficacy of this treatment problematic (Leao et al.,
2022; Lienen et al., 2022). The results of our study also sup-
port this data.

It has been shown that daptomycin is effective in treating
MRSA bacteremia, except when caused by left-sided endocar-
ditis, and can maintain bactericidal activity despite slightly ele-
vated MICs (Cui et al., 2006; Humphries et al., 2013). Howe-
ver, the use of daptomycin is limited because it is expensive
and not routinely used. It has also been reported that some
MRSA isolates develop daptomycin and vancomycin resistan-
ce in parallel (Humphries et al., 2013). A recent study reported
that fosfomycin showed potent antimicrobial activity against
MRSA isolates with resistance or reduced activity to other an-
ti-MRSA antibiotics, including vancomycin, linezolid, and dap-
tomycin (Saravolatz and Pawlak, 2023).

It has been widely reported that teicoplanin, which has a
lipoglycopeptide structure similar to vancomycin in terms of
its mechanism of action and efficacy, has fewer side effects
than vancomycin (Svetitsky et al., 2009). However, studies on
the dose of teicoplanin that should be used to effectively treat
MRSA infections are limited. Studies conducted within this
scope emphasized that the use of higher teicoplanin mainte-
nance dose is very important especially in severe infections
due to MRSA (Lee et al.,, 2022).

CONCLUSION

In our study, all MRSA isolates were sensitive to teicopla-
nin, and similar studies on clinical and food-borne isolates also

found complete sensitivity to teicoplanin (Sukri et al., 2023;
Yucel et al., 2011). Concomitant susceptibility to linezolid, te-
icoplanin, and/or vancomycin in clinical and food-borne iso-
lates in the aforementioned studies is remarkable and shows
different results from our study. For these reasons, the deter-
mination of antibiotic MICs to determine antimicrobial sus-
ceptibility is of critical importance internationally.
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Sircrt?lzlﬁrelpaticus communis The focus was to investigate the anatomical specifics of v. portae, vv. hepaticae and ductus
morphology choledochus by corrosion. We investigated 10 sexually mature, clinically healthy New Zealand
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a cold-curing acrylic-based plastic (Duracryl +) was used. The main portal vessel was an intra-
organic continuation of v. portae, after its branching into caudate lobe. The main portal vein
was divided into v. portae dextra and v. portae sinistra, when entering lobus hepatis dexter and
lobus hepatis sinister. V. portae sinistra caudalis was a branch of v. portae sinistra. The venous
drainage of the rabbit liver in was carried out by v. hepatica sinistra caudalis, v. hepatica sinistra,
v. hepatica dextra, v. hepatica media and venous vessel in lobus caudatus. V. hepatica sinistra
and v. hepatica media had a common origin and took blood from lobus hepatis sinister medi-
alis. V. hepatica dextra drained lobus hepatis dexter. V. hepatica sinistra caudalis was a direct
tributary of the caudal vena cava. Ductus hepaticus communis was well developed and collec-
ted the bile from the main bile duct. Ductus hepaticus dexter drained lobus hepatis dexter and
evacuated the bile into the main bile duct. Ductus hepaticus sinister caudalis flowed directly
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into ductus hepaticus communis. Ductus hepaticus sinister passed into the main bile duct.
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INTRODUCTION

The anatomical features of the liver vessels in New Zealand
white rabbits are similar to those in humans. Therefore, this
species has been used as an anatomical model to study portal
and hepatic veins in humans (Mapara et al., 2012).

Corrosion anatomical study of the liver in carnivores and
humans is an appropriate method for studying variations in
the morphological features of the liver vessels (Matusz, et al.,
2007; Ussic¢ et al., 2007).

According to De Graaf etal. (2011) the rabbit liver consists
of four parts. The three cranial lobes are lobus hepatis dexter,
lobus hepatis sinister medialis and lobus hepatis sinister
lateralis, and the caudal lobe is lobus caudatus. In each lobe
the portal vein sends branches.

Specific to the rabbit]s liver is that the cranial lobes are
separated from the caudate lobe. The portal vein in the rabbit
at the entrance to the liver is divided into a branch for the
lobus caudatus and a main porta vessel. The main portal vein
is subdivided into v. portae sinistra and v. portae dextra. V.
portae sinistra sends a medial and lateral branch to lobus
hepatis sinister medialis and lobus hepatis sinister lateralis.
V. portae sinistra inferior is defined as an additional branch
starting from the left portal or from the main portal vein (Seo
et al. 2001; Paramo et al., 2017).

According to Barone (1997) and Barone (2011), the portal

To cite this article:

vein in the rabbit has two branches - left and right. The left
branch supplies blood to lobus hepatis sinister medialis, lobus
hepatis sinister lateralis and lobus quadratus, and the right
branch — to lobus hepatis dexter.

The data from the corrosion method of the study of portal
vessels in humans are used as a morphological basis for the
interpretation of anatomical findings obtained in selective
portography (Sinelnikov, 1973).

In the mole, eight hepatic veins have been described, which
drain blood from the liver in v. cava caudalis. Proc. caudatus
and lobus hepatis dexter lateralis have separate venous drainage
from two separate hepatic veins. They unite in a common vein,
which is an inflow of the caudal vena cava. Lobus hepatis dex-
ter medialis, proc. papillaris and lobus quadratus are drained
by three hepatic veins, which are also tributaries of the caudal
vena cava. In the left hepatic lobe are found four vv. hepaticae

(Nesi¢1 et al., 2020).

According to Carlisle et al. (1995) each hepatic lobe in the
dog has a separate hepatic vein. The following hepatic veins
are distinguished: left lateral and left medial vein, hepatic vein
in lobus quadratus, right lateral and right medial vein, hepatic
vein in proc. papillaris and hepatic vein in proc. caudatus.

According to Mari and Acocella (2015) ,the dog |'s liver is
divided into two sections, three subsections, seven sections
and two to four subsections. The right section is drained by
separate hepatic veins, while most of the left section is drained
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by the main hepatic vein formed by the fusion between the
middle and left hepatic veins. Part of lobus hepatis dexter and
proc. papillaris is drained directly by v. cava caudalis. The right
hepatic vein drains only lobus hepatis dexter.

The venographic presentation of vv. hepaticae in the rabbit
visualizes five separate vessels. Lobus caudatus has a separate
venous drainage. V. hepatica sisnistra caudalis is a direct branch
of caudal vena cava and determines the independent venous
drainage of the left lateral hepatic lobe (Seo et al., 2001; Stam-
atova-Yovcheva, 2016; Stamatova-Yovcheva et al., 2018).

According to Barone (2011), ductus hepaticus communis
is absent in the rabbit. The left bile duct drains lobus hepatis
sinister medaialis, lobus hepatis sinister lateralis and lobus
quadratus. The right bile duct drains lobus hepatis dexter and
lobus caudatus. Ductus cysticus and ductus hepaticus sinister
form ductus choledochus, and ductus hepaticus dexter joins
ductus choledochus.

Alloush (1997) presented data on the presence of a separate
ductus hepaticus communis in the rabbit, formed by the fu-
sion of the left and right bile ducts, ventrally from porta hepa-
tis. Ductus hepaticus communis joins the bile duct in proc.
caudatus, at its transition into lig. hepatoduodenale.

According to other authors (Stamatova-Yovcheva, 2016;
Stamatova-Yovcheva et al., 2018), the liver of the rabbit has
a well-defined ductus hepaticus communis. The main biliary
duct is a continuation of ductus hepaticus communis. Ductus
hepaticus sinister caudalis is an independent direct branch of
the common biliary duct and is located in lobus hepatis sinister
lateralis. Ductus hepaticus sinister and ductus hepaticus dexter
form the main biliary duct.

Sinelnikov (1973) describes the biliary tree in humans
through comparative corrosion and contrast anatomical
analysis, establishing compliance.

From the presented data it is evident that the anatomical
results for the liver of the rabbit are contradictory and
insufficient. Corrosion anatomical studies of this organ
complement the findings of previous studies. Therefore, the
reason for the present study is the expected results for the
interpretation of the morphological features of the venous
and bile vessels in the rabbit.

MATERIAL and METHODS

The study included 10 sexually mature, clinically healthy
rabbits, 8 months old, of the New Zealand White breed,
weighing 2.8 kg to 3.2 kg, In the studied animals, dissection was
performed according to the algorithm described by Bensley
(1948), Wingerd (1985), Yonkova, (2014) and Stamatova-
Yovcheva (2016) for the rabbit.

Preparation of corrosion macroscopic preparations of v.
portae and its branches we cannulated the portal vein, caudally
from the pancreas. V. portac was ligated into the Th13-L1
segment. The carcasses were dissected in the segment from
Th13 to L4. We applied an injection in v. portae of cold-
curing acrylic-based plastic (Duracryl +, two-component

SpofaDental, Chech Republic), according to the following
prescription: -10 g purple colorant (TS, DEUTEK S.A.) was
added to 30 g of the powdered component Duracryl +, two
component, 30 g of hardener Duracryl + was added to the
mixture. We injected 10 mL of the resulting homogenized
solution into the cannula using a syringe. We placed the carcass
segments at a refrigeration temperature (+ 4C °) for 24 hours,
then moved them to a polyvinyl container with a lattice bottom.
In a PVC vessel with a capacity of 7 L to 1.5 L of water we
added 3 L of hydrochloric acid (38% h. HCL, MARVIN Ltd.,
Dimitrovgrad) (ratio 1: 2). We placed the lattice vessel in the
vessel containing hydrochloric acid and water for a period of
48 hours. The corrosion preparations were washed in a weak
water stream. The obtained results were photo-documented.

Preparation of corrosion macroscopic preparations from
vv. hepaticae we investigated the localization of v. cava
caudalis in the segment from Th10 to L3 in three rabbits. We
cannulated the caudal vena cava at the L2 level. For greater
clarity, we simultaneously filled with the cold polymer paste v.
cava caudalis and ductus choledochus. For the injection of v.
cava caudalis blue dye was used and for ductus choledochus —
yellow dye.

Preparation of corrosion preparations from the gallbladder
and bile vessels. We studied the topography of the liver,
gallbladder, ductus choledochus, stomach and pars cranialis
duodeni in four rabbits. A curved intestinal clamp was placed
on pars cranialis duodeni, 20 mm caudally from the pylorus.
The liver, stomach and pars cranialis duodeni were extirpated
and placed in a2 0.6 / 1.0 L Simax beaker (Czech Republic). The
organs were washed under running water for 30 minutes. We
applied a longitudinal incision on the antimesenteric wall of
pars cranialis duodeni. Papilla duodeni major was cannulated
by pyrogen-free cannula (PROBIO-silicone carbide, G18) with
sequence number 18 in ductus choledochus. We used yellow
colorant. We introduced 5 mL of the resulting homogenized
solution into papilla duodeni major. The studied group of
organs (liver, stomach and pars cranialis duodeni) were stored
at refrigeration temperatures (+ 4C °) overnight. The rest of
the research methodology coincides with the steps described
for v. portae.

RESULTS

Corrosion anatomical study revealed that the main portal
vessel was an intraorganic continuation of v. portae. It was
divided into v. portaec dextra and v. portac sinistra, when
entering lobus hepatis dexter and lobus hepatis sinister. V.
portae sinistra caudalis was a branch of v. portae sinistra in
lobus hepatis sinister lateralis. The left portal vein was further
divided into a lateral branch in lobus hepatis sinister lateralis
and a medial branch in lobus hepatis sinister medialis. V. portae
dextra was a single vessel in lobus hepatis dexter. The venous
vessel, which was located dorsally from the portal vein, was a
direct branch of v. portae and entered lobus caudatus (Figure
1 and Figure 2)

The venous drainage of the rabbit liver in was carried out
by five hepatic veins: v. hepatica sinistra caudalis, v. hepatica
sinistra, v. hepatica dextra, v. hepatica media and venous

MAE Vet Fak Derg, 8 (2): 118-124, 2023
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of v. portae. (1) v. portae; (2) a branch of v. portae in

lobus caudatus.

Figure 2. Corrosion anatomical image of a fragment of the main
portal vessel and its branches in the rabbit liver. (1) main portal vessel;
(2) v. portae dextra; (3) v. portae sinistra; (4) lateral branch of v. portae
sinistra; (5) medial branch of v. portae sinistra (6) v. portae sinistra

caudalis.

vessel in lobus caudatus. Vv. hepaticae in the rabbit did not
have extraorganic areas and were visceral tributaries of v. cava
caudalis. Lobus caudatus had a separate venous vessel that was
a direct inflow of caudal vena cava (Figure 3).

Lobus hepatis sinister lateralis had a separate venous drain-
age, which was carried out by v. hepatica sinistra caudalis, a di-
rect inflow of v. cava caudalis. The latter sent smaller branches
in the dorsal, middle and ventral areas of the lateral left lobe.
V. hepatica sinistra and v. hepatica media had a common origin
and took blood from lobus hepatis sinister medialis. In lobus
hepatis dexter was found v. hepatica dextra. V. hepatica media
drained blood from lobus hepatis dexter and gallbladder (Fig-

ure 4).

Ductus hepaticus communis collected bile from the main
bile duct. Ductus hepaticus dexter drained lobus hepatis dex-
ter and evacuated the bile into the main bile duct. Ductus he-
paticus sinister caudalis flowed directly into ductus hepaticus
communis. Ductus hepaticus sinister passed into the main bile
duct between lobus hepatis sinister medialis and lobus hepa-
tis dexter. In lobus hepatis sinister medialis, ductus hepaticus
sinister received bile from medial and lateral branches. The
medial branch drained lobus hepatis sinister medialis, and the
lateral one drained lobus hepatis sinister medialis and lobus
quadratus. Ductus cysticus originated from the gallbladder and

120
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Figure 3. Corrosion anatomical image of the venous drainage
in lobus caudatus in rabbit. (1) v. cava caudalis; (2) a venous
vessel in lobus caudatus.

Figure 4. Corrosion anatomical image of fragment
from rabbit liver. (1) v. cava caudalis; (2) v. hepatica
sinistra caudalis; (3) v. hepatica sinistra; (4) v. hepatica
media; (5) v. hepatica dextra; (6) vesica fellea; (7) v.
cystica; LHSL — lobus hepatis sinister lateralis; LHSM-
lobus hepatis sinister medialis; LHD — lobus hepatis

dexter.
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joined the main bile duct. Lobus caudatus had a separate bile opinion of De Graaf etal. (2011) for the portal vascularization

drainage from a direct branch of ductus hepaticus communis of the liver in the rabbit.
(Figure 5).

from ductus hepaticus communis in the rabbit. (1)
ductus hepaticus communis; (2) ductus hepaticus
sinister caudalis.

Figure 6. Corrosion anatomical image of the main bile
duct in the rabbit (1) main bile duct; (2) ductus hepaticus
sinister (3) ductus cysticus; (4) ductus hepaticus dexter;
(5); bile duct in lobus caudatus (6) vesica fellea.

DISCUSSION We consider that v. portae sinistra caudalis is a specific
vessel for lobus hepatis sinister lateralis in the rabbit. In our
opinion, the venous supply of lobus hepatis sinister medialis
is carried out by v. portae sinistra medialis, the lateral branch
of v. portae sinistra supplies lobus hepatis sinister lateralis, and

We present a modern view of the terminological justification
of portal vessels in the rabbit. In our opinion, each unit has its
own portal blood supply. Our hypothesis corresponds to the

MAE Vet Fak Derg, 8 (2): 118-124, 2023
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v. portae dextra supplies lobus hepatis dexter. Our hypothesis
gives us reason to support the findings of Seo et al. (2001) and
Paramo et al. (2017) on the morphology of the hepatic portal
system in rabbits.

Our assertion is that the portal vessels in the rabbit are .
portae sinistra, v. portae sinistra caudalis, v. portae dextra and
a portal vessel in lobus caudatus does not support the view of
Barone (1997) and Barone (2011) that portal vasculatization
in the rabbit liver is performed only by v. portae dextra and v.
portae sinistra.

We argue that the direct portal branch for lobus caudatus
separates before the main portal vein and that the continua-
tion of the portal vein after lobus caudatus is the main portal
vessel that provides the branches for the remaining parts of
the liver. Our thesis corresponds to previous research in this
direction (Stamatova-Yovcheva, 2016; Stamatova-Yovcheva et
al., 2018)., concerning the portal blood supply of the liver in
the rabbit.

The found five hepatic veins the rabbit liver did not
correspond to the describtion of Nesi¢ et al. (2020) about the
hepatic vascularization in the mole.

We argue that only lobus caudatus and lobus hepatis sinister
lateralis have a separate venous drainage, which differs from
the opinion of Catlisle et al. (1995) and Mari and Acocella
(2015) for the venous drainage in the liver of the dog and
complements the findings of some authors on the hepatic
veins in rabbits (Seo et al., 2001; Stamatova-Yovcheva, 2016;
Stamatova-Yovcheva et al., 2018).

The anatomical data obtained by us from the corrosion
anatomical examination of the bile ducts are convincing
enough and present information about the presence of
ductus hepaticus communis in the rabbit. Our data differ
from the thesis of Barone (2011), according to which ductus
hepaticus communis in rabbits is missing and complements
the published data on the morphological features of the bile
ducts in rabbits (Alloush, 1997; Stamatova-Yovcheva, 2016;
Stamatova-Yovcheva et al., 2018).

The results presented by us from the corrosion of the
organ, which concern the course of the venous and bile vessels
in the liver of the rabbit is a valid criterion for accepting the
reliability of the method. Therefore, we can support the
opinion of some authors (Matusz, et al., 2007; Ursic¢ et al.,
2007, Sinelnikov, 1973) about humans and carnivores, for the
application of the corrosion method in the study of the liver
in rabbits.

CONCLUSION

The corrosion anatomical study of the blood and bile vessels
in the rabbit gives a detailed picture of the macroarchitectonics
of these vessels. We propose that our results can be used as
a morphological basis in the corrosion study of the hepatic
blood and bile vessels in other mammals and humans.
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ABSTRACT

Pollen grains, honey, and lactic acid bacteria are combined to make bee bread, which serves as the
hive’s one of the sources. This study aimed to evaluate a Turkish bee bread concerning the total
phenolic content, antiradical, and antimicrobial activity against Bacillus cereus, Escherichia coli O157:H7,
Staphylococcus anrens, and Salmonella Typhinmurinm. Folin-Ciocalteu method and DPPH test were used
to determine the total phenolic content (TPC) and antiradical activity of the aqueous extract of bee
bread, respectively. Antibacterial activity of the extract on the bacteria was evaluated using minimal
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) methods. The TPC
of the bee bread was found to be 24.45 £ 3.75 ¢ GAE/mg, The DPPH assay results indicated that
the watet-soluble extract of bee bread (1 mg/mL) had a scavenging activity of 3.40£2.99%. Addi-
tionally, it showed an antibacterial effect on S. aurens, E. coli, S. Typhimurinm, and B. cereus at the dif-
ferent concentrations (6.25 to 25 mg/mL). Overall, it was revealed that the bee bread had high total
phenolic content and antiradical activity. Also, it showed antibacterial activity on all of the tested
bacteria. This research contributes to the knowledge of the bioactive properties of this unexplored
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INTRODUCTION

The species Apis mellifera, commonly known as honeybees,
complete their dietary requirements by gathering nectar and
pollen. The primary source of carbohydrates for bees is nec-
tar, while pollen serves as a source of proteins, lipids, vitamins,
and minerals. Bee bread refers to a blend of bee pollen, bee
salivary enzymes, and honey or nectar that undergoes a pro-
cess of fermentation within the honeycomb cells of a hive.
The substance is utilized as sustenance for both the worker
bees and the developing larvae (Sobral et al., 2017). Numer-
ous studies of bee bread’s chemical composition have shown
that it usually contains water, protein, free amino acids, car-
bohydrates, fatty acids, minerals, vitamins, and many other
bioactive compounds such as kaempferol, rutin, quercetin,
luteolin, rosmarinic acid. The composition of bee bread var-
ies depending on parameters such as, geographical area, the
climatic conditions of the plants producing honey and season-
al changes (Mohammad et al., 2020; Bayram et al., 2021; Tu-
tun et al., 2021; Ciri¢ et al., 2022). The chemical compositions
that occur due to these conditions make bee bread a potential
functional food with different bioactive components as well
as being food source for bees (Bakour et al., 2022). Bee bread
has a wide range of biological properties including antioxi-
dant, antibacterial, antifungal, antiviral, anti-inflammatory, and
anticancer (Didaras et al., 2020; Khalifa et al., 2020; Tutun et
al.,, 2021). These biological properties are closely related to the
chemical composition of bee bread. Bee bread is regarded as
a dietary supplement owing to its biological impacts. In recent

To cite this article:

times, there has been a surge in interest regarding the utiliza-
tion of diverse bee bread and its products for the treatment
of numerous illnesses (Khalifa et al., 2020). Anatolia serves as
a connecting link between three continents owing to its geo-
graphical location. The diverse flora and varying climatic con-
ditions across different regions make it highly beneficial for
beekeeping activities (Kambur and Kekecoglu, 2020). Turkey
has 75% of the wortld’s honey plants flora. Of the 11,500 spe-
cies of flowering plants found in Huropean countries, more
than 9,000 are found in Turkey, of which 3,000 are endemic
(Suna, 2019). Despite the significance of honey production
among beckeepers in Turkey, the production of bee pollen
and bee bread does not receive sufficient attention. In addi-
tion, studies on the content and biological activities of bee
bread produced in different regions are very limited. This
study aimed to determine the total phenolic content, antirad-
ical, and antibacterial properties of bee bread collected from
the Ankara province of Turkey.

MATERIAL and METHODS
Sampling and extraction

Samples of fresh bee bread were obtained from apiaries
located in three different points of Ankara province, in the
inner Anatolia region of Turkey. Samples wete stored at 4 °C
until testing. Aqueous extraction was carried out by adding 50
g of the homogenized sample to 200 mL of distilled water
at room temperature and left in the dark for 2 days. Subse-
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quently, the samples were filtered through a filter paper, and
the filtrates were concentrated at 40 °C in rotary evaporation
(RV10, IKA®, Germany). The concentrated extracts received
the process of evaporation and were subsequently subjected
to drying in a freeze-dryer (Martin Christ, Alpha 1-2LD Plus,
Germany) to obtain a crude extract. The lyophilized extract
was stored in a tube at +4 °C in the dark for further analysis
(Akhir et al., 2017).

Total phenolic content (TPC)

TPC was determined in aqueous extracts of bee bread by
using the Folin—Ciocalteu method which was described by Pel-
ka et al. (2021). The extract was dissolved in distilled water to
obtain a concentration of 1 mg/mL. A volume of 50 ul. of
Folin-Ciocalteu reagent diluted (1:10, v/v) with high purity de-
ionized water was added to a 96-well plate containing 10 uL. of
the extract solution. Following a 5-minute incubation period,
40 pL of Na,CO, (7.5%) solution was added to the mixture.
Following the stirring, 100 uL. of high-purity water was added
to the mixture and the volume reached 200 mL.. The mixture
was then allowed to incubate at room temperature for 30 min-
utes. The absorbance of the reaction was detected at 725 nm
using a spectrophotometer (MultiskanGo, ThermoScientific).
For constructing the calibration curve, fresh Gallic acid stan-
dard solutions (3.13 to 200.00 ug/mlL) were prepared. Ethanol
was used as a blank. The quantification of total phenolic con-
tent in the extracts was conducted by expressing the content
as milligrams of Gallic acid equivalent (GAE) per gram of the
extract. The measurements were conducted in duplicate (Pelka
et al., 2021).

Antiradical activity

The radical scavenging activity of the extract was assessed
by using (2,2-Diphenyl-1-picrylhydrazyl) assay according to
the method reported by Kahraman et al. (2022). Briefly, a
50 uL. of aqueous extract at a concentration of 1 mg/mL or
ascorbic acid dissolved in ethanol (50 pg/mL) was mixed with
150 pLL of a 200 pM methanolic DPPH solution in a 96-well
plate. The mixture was incubated at room temperature for 30
minutes under dark conditions. Absolute methanol was used
as blank. The results were measured at 517 nm in absorbance
using a microplate reader (Multiskan Go, Thermo Scientific).
The DPPH radical scavenging activity (%) was calculated as
follows: DPPH scavenging activity (%) = [(Ac — As) / Ac]
X 100, where Ac represented the absorbance of the control
group [DPPH + Methanol without sample], As indicated the

Bacterial strains

The strains of Bacillus cereus, Escherichia coli O157:H7, Staphy-
lococens anreus and Salmonella Typhimurium were obtained from
the stock culture collection of Burdur Mehmet Akif Ersoy
University’s Department of Food Hygiene and Technology
Laboratory. The bacterial strains were inoculated onto tryptic
soy agar (TSA, Merck, Germany) and incubated at 37 °C for
18-24 h.

Microdilution method

The microdilution method was used to determine bee
bread’s minimal inhibitory concentration (MIC) values against
8. aurens and E. coli, . Typhimurium, and B. cereus (CLSI, 2000).
The bacterial inoculums were prepared from the bacterial cul-
ture grown in TSA (Merck, Germany) at 37 °C for 18 h and
adjusted to 0.5 McFarland (= 1.5 x 10°* CFU/mL) in 0.9% stet-
ile saline buffer. The serial dilutions of the samples at the con-
centrations of 25, 12.50, 6.25, 3.12, 1.56, 0.78, and 0.39 mg/
mlL were prepared in Mueller Hinton broth (CM0337, Oxoid).
These dilutions were subsequently transferred to the wells of
96-well plates. A 20 pL. of each bacterial inoculum was added
to the wells, and the plates were incubated for 24 hours at 37
°C (Keyvan et al., 2022). After the incubation petiod, 20 pL
of 2,3,5-triphenyl-tetrazolium chloride (1% TTC, Sigma-Al-
drich) was added to the wells for each bacterial species to de-
termine the MIC value. The plates were left for incubation at
37 °C for 3 hours. Red color shift in those wells showed the
presence of metabolically active microorganisms (Karpinski,
2019). The minimum bactericidal concentration (MBC) value
was obtained by subculturing the MIC dilutions. A 10 pl. of
the suspension was collected from each well and plated onto
the Mueller Hinton agar (CM0337, Oxoid) plates. After the
incubation for 24 hours, at 37 °C, the lowest extract concentra-
tion that inhibits bacterial growth was noted as the MBC value
(Zielifiska et al., 2021; Kahraman et al., 2022).

RESULTS

In the current study, the total phenolic content of the aque-
ous extract of the bee breed was determined using the Fo-
lin-Ciocalteu reagent. The TPC of bee bread was found to be
24.45 £ 3.75 pug of GAE/mg of dry extract. The scavenging
activity of the extract has been determined by using a DPPH
assay. The assay results demonstrated that the aqueous extract
(1 mg/mL) of bee bread has shown to be 3.40 + 2.99% scav-
enging activity. Ascorbic acid used as standard at the 50 ug/
mL concentration had 89.76 = 1.00% scavenging activity.

Table 1. MIC and MBC values of the aqueous extract of bee bread against tested bacteria.

S. aurens  E. coli S. Typhimurium B. cerens
MIC (mg/mL) 6.25 6.25 0.25 12.50
MBC (mg/mL) 25.00 12.50 12.50 25.00

MIC: minimal inhibitory concentration, MBC: minimum bactericidal concentration

absorbance of the sample group [DPPH + Sample (extract)].

Antimicrobial activity

In the current study, the MIC values of bee bread extract
against three bacteria were determined via the microdilution
method. Subcultures of MIC dilutions were used to obtain
MBC values. The MIC value against B. cerens was 12.50 mg/
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mL. The MIC values against three other bacteria were deter-
mined at 6.25 mg/ml. The MBC values against E. ¢o/i and S.
Typhimutrium were 12.50 mg/mlL. The MBC values against
two other bacteria were determined at 25.00 mg/ml. The
MIC and MBC values for the bee bread extract’s antibacterial
effects on §. aureus, E. coli, S. Typhimurium, and B. cereus are
shown in Table 1.

DISCUSSION

Bee bread is a nutrient-dense substance that contains high
levels of proteins, vitamins, and polyphenols, including phe-
nolic acids. Phenolic compounds are considered to be a vital
human dietary component and the largest contributors to the
antioxidant potential of natural foods as well as other health
benefits (Kumar and Goel, 2019). Several papers reported that
the TPC in bee bread ranged from 2.1 to 25.4 mg of GAE/g
(Ivanisova et al., 2015; Zuluaga et al., 2015; Suleiman et al.,
2021). In the current study, the TPC of bee bread has been
found as 24.45 £ 3.75 pg of GAE/mg of dry extract, corrob-
orating previous studies.

The scavenging activity of the extract has been determined
by using a DPPH assay. The assay results demonstrated that
the aqueous extract (1 mg/mL) of bee bread has shown to
be 3.40 £ 2.99% scavenging activity. Ascorbic acid used as
standard at the 50 pg/ml. concentration had 89.76 £ 1.00%
scavenging activity. According to the findings of Dervisoglu
et al. (2022), the ethanolic extract from bee bread exhibited
varying degrees of inhibition, ranging from 20.15 + 0.68%
to 93.18 * 0.44%, depending on the concentration (ranging
from 25 to 200 mg/mL). Akhir et al. (2017) reported that 70%
ethanolic and hexane extract of bee bread exhibited percent-
age of inhibition 93.60 * 0.03 and 83.81 *+ 0.05, respectively.
Another study showed that significant decreases in DPPH ac-
tivity of bee bread from Malaysia were detected in bee bread
water extract (7.62 £ 0.13%) relative to bee bread hot water
extract (8.47 + 0.01) and bee bread ethanolic extract (85.79 £
0.40%) (Suleiman et al., 2021). The ethanolic extract of bee
bread showed higher antioxidant properties due to higher phe-
nolic and flavonoid contents compared to its aqueous extract
(Othman et al., 2019). In the current study, the low antiradical
activity of the aqueous extract may be due to the geographical
characteristics of the region where bee bread is produced and
the extraction method that changed the chemical composition
of the extract.

In this study, MIC and MBC were used to determine the ex-
tract’s antibacterial activities on S. aurens, E. colz, §. Typhimuri-
um, and B. cereus. Pelka et al. (2021) observed an antibacterial
effect on S. anreus at 2.5% (v/v) MIC concentration of bee
bread. It has been reported that bee bread has a higher anti-
bacterial effect on Gram-positive bacteria than pollen (Pelka et
al., 2021). In a study conducted in Malaysia, the MIC, values
of bee bread wete reported to be 1.914 ug/ml,, 1.923 ug/mlL,
1.813 ng/mlL, and 1.617 pg/mL on Kiebsiella pnenmonia, E. coli,
Shigella, and S. Typhi, respectively (Suleiman et al., 2021). In
another study carried out in Ukraine, the antibacterial effect
of bee bread with a MIC value of 6.40 ng/ml was determined
on E. coliand §. enterica (Ivanisova et al., 2015). The application
of different extraction methods and the diversity of plant flo-
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ra may have been effective among the reasons for the varied
results in MIC and MBC values in this study.

There are few studies about the water extract of bee bread.
In a study conducted by Urcan et al. (2018), a concentration
of 33% and 16.66% of bee bread water extract exhibited high
inhibitory effects on §. awurens, whereas the partial inhibitory
effect on E. cols, S. Enteritidis, P. aeruginosa and B. cerens. Sawic-
ki et al. (2022) examined the antimicrobial effect of methan-
olic extract from bee bread and reported that the MIC values
against to S. aureus, L. monocytogenes, E. coli, E. faecalis and §. Ty-
phimurium ranging between 50% - 15% (v/v). Another study
on ethanolic and hexane extract of stingless bee bread showed
that MIC for B. subtilis, S. anrens, E. coli and Salmonella ranged
from <6.67 to 33.33 pL./mlL. (Akhir et al., 2017).

CONCLUSION

Bee bread, which is made of pollen blended with honey and
digestive enzymes from bees, is a treasured bee product that
has been ignored. The results of this study showed that the
bee bread from Ankara has antiradical activity and antibacterial
effects against the foodborne pathogens.
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ABSTRACT

As the world’s population increases, so does the need for livestock-based nutrition. In addition, the
livestock sector becomes more important as it contributes to the economy. However, sepsis has high
morbidity and mortality rate in newborn calves and can cause severe economic losses. Therefore,
new biomarkers to distinguish sepsis from other diseases are urgently needed in veterinary medicine.
This study, for the first time, examined the gene expression levels of members of the necroptosis
pathway, such as receptot-interacting setine/threonine protein kinase 1 (RIPK1), RIPK-3, and one
of the NF-»B activating proteins, RIPK-2, in septic calves. We examined the mRNA levels of
RIPK1, RIPK3, and RIPK2 using qPCR in 10 healthy Holstein calves and 20 Holstein calves with
sepsis due to suffering from enteritis infection between 1-20 days of age. The hematologic parame-
ters, including leukocytes, erythrocytes, hemoglobin, hematocrit, and platelets, were also evaluated in
the calves included in this study. The results showed that calves with sepsis had prominently lower
mRNA levels of RIPK1 and RIPK3 than those in healthy calves. Besides, RIPK2 mRNA expression
was absent in healthy calves and calves sepsis. In veterinary medicine, decreased RIPK1 and RIPK3

mRNA levels might be biomarkers to diagnose sepsis in calves.
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INTRODUCTION

The livestock sector provides animal protein to society and
raw materials to the dairy, textile, leather, cosmetics, and phar-
maceutical industries. Therefore, livestock is essential for all
countries, as it contributes significantly to the economy. Sepsis
following diarrhea can cause severe economic losses in cal-
ves (Fecteau et al., 1997; Guzelbektes et al., 2022). Sepsis is a
complex overreaction described as the systemic hyperinflam-
matory immune response associated with a proven or suspe-
cted infection in animals and humans (Jarczak et al., 2021). In
humans, it can cause multi-organ failure and lead to death in
up to fifty percent of cases (Nedeva et al., 2019). Organ failu-
re occurs after strong immune system activation by initiating
the inflammatory response to eliminate pathogens by binding
pathogen-associated molecular patterns (PAMPs) to their re-
cognition receptors. Damage-associated molecular patterns
(DAMPs) are then released by dying host cells to trigger the
elevation of inflammatory cytokine levels that amplify cyto-
kine storms. Organ failure and excessive organ infiltration of
leukocytes are hallmarks of severe sepsis caused by cytokines,
PAMPs, and DAMPs that can be released into the circulation
from dying cells (Nedeva et al., 2019).

To cite this article:

Necroptosis, a distinctive form of regulated non-apoptotic
cell death, is triggered by death receptors such as tumor necro-
sis factor receptor 1 (TNFR1), TNFR2, and Fas. Receptor-in-
teracting serine/threonine protein kinase 1 (RIPK1), RIPK3,
and mixed lineage kinase domain-like protein (MLKL) which
is a direct executor, are central to necroptosis. The transloca-
tion of MLKL to the cell membrane results in the rupture of
the membrane and the release of intracellular contents and or-
ganelle swelling. In particular cell types and conditions, some
PAMPs and DAMPs are associated with necroptosis induction
(Kaczmarek et al., 2013). Studies revealed that the mortality
of mice with TNF-induced systemic inflammatory response
syndrome (SIRS) was driven by RIPK1-RIPK3-mediated nec-
roptotic cell death (Duprez et al., 2011). In mice subjected to
polymicrobial sepsis, RIPK3 promoted sepsis to induce acute
kidney injury (Duprez et al., 2011). Moreover, necroptosis cau-
sed hepatic damage in piglets with lipopolysaccharide-induced
sepsis (Xu et al., 2021). RIPK1 and RIPK3 activities have been
linked to necroptosis. At the same time, RIPK2 plays essential
roles in innate immunity and in the activation of the NF-kb,
which has been implicated in the pathogenesis of organ injury
and lethality during sepsis (Li et al., 2009; Bullock et al., 2015).

In human patients with sepsis, procalcitonin, and presepsin
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are currently used as biomarkers to detect sepsis, and new bio-
markers have been investigated for precise diagnosis of sepsis.
In addition, most acute phase proteins, including C-reactive
protein, are used as biomarkers in animals with suspected sep-
sis. However, the amount of acute-phase proteins can also be
elevated in other inflammatory diseases. In addition, sepsis and
sepsis-related mortality rates in calves are pootly explored, but
it is estimated that up to 30% of calves with neonatal diarrhea
or illness are septic (Lofstedt et al., 1999; Fecteau et al., 2009).
Thus, there is a need for new biomarker studies in terms of
eatly diagnosis and prognostic follow-up of sepsis. Therefore,
we evaluated the mRNA expression levels of RIPK1, RIPK3,
and RIPK2 in calves with sepsis.

MATERIALS and METHODS
Abnimals

This study included10 healthy (control group) and 20 sep-
sis (experimental group) Holstein calves aged 1-20 days. In
addition, routine clinical examinations of the diarrheal calves
brought to the large cattle clinic were performed, and calves
with sepsis, according to clinical and laboratory findings, were
included in this study. The ethics committee approval requi-
red was obtained by Burdur Mehmet Akif Ersoy University
Animal Expetiments Local Ethics Committee on 16/12/2018.
The presence of at least two or more recorded SIRS signs pro-
ven infection or infection with reduced or absent sucking ref-
lex, lack of interest in the surroundings, inability to stand up
without support, or lateral recumbency was defined as sepsis
(Fecteau et al., 1997; Fecteau et al., 2009; Singer et al., 2009;
Aygun and Yildiz, 2018).

Sample collection and analysis Blood samples for hemogram
analyses from the experimental and control groups were ta-
ken from the jugular veinbefore treatment during routine blood
tests. Tubes with ethylenediaminetetraacetic acid (IKK;EDTA)
were used for hemogram measurement, tubes with activator
gel for serum and whole blood was used for RNA extraction
and qPCR. A hemogram analysis was performed within 15-30
minutes. In addition, parameters such as leukocytes (WBC),
granulocytes, erythrocytes (RBC), hematocrit (HCT), and pla-
telets (PLT) from the venous blood sample with K,EDTA
were measured using the Abacus Junior Vet (Diatron MI Ltd.
Hungary).

RINA exctraction

Trizol reagent (Thermo Fisher Scientific, Waltham, MA,
USA) was used to extract the total RNAs from blood samples
according to the manufacturer’s instructions to identify RIPK1,
RIPK?2, and RIPK3 gene expression levels. RNAse-free water
was used for the dissolution of RNAs. The integrity of RNAs
was demonstrated on %1 agarose gel, and the concentration
of these RNAs was analyzed using the BioTek spectrophoto-
meter (Epoch, BioTek, Germany).

Real-time quantitative Polymerase Chain Reaction (qPCR)

The mRNA expression levels of RIPK1, RIPK2, and
RIPK3 in samples of interest were quantified using Real-ti-
me quantitative PCR (qPCR). cDNA was then synthesized

from RNA using the iScript Reverse Transcription kit (Biorad,
Hercules, CA, USA) following the protocol provided by the
manufacturer. qPCR analysis of RIPK1, RIPK2, and RIPK3
mRNA expressions in healthy and septic Holstein calf blood
samples was performed using the SYBR Green PCR Master
Mix on LightCycler 480 Instrument II (Roche, Basel, Switzer-
land). GAPDH was used to normalize RIPK1, RIPK2, and
RIPK3 mRNA levels. Table 1 shows the sequences of primers
used in the present study. The amplification parameters for
qPCR wete as 95°C for 10 min, followed by 50 cycles of 95°C
for 10 sec, 65°C for 30 sec, and 72°C for 1 sec.

Statistical analysis

GraphPad Prism 6 for Windows® package program was
used to analyze the obtained data statistically. During the sta-
tistical evaluation of the data, an unpaired t-test was used to
determine the significant differences between the two groups
in terms of a parameter. p < 0.05 values were considered sta-
tistically significant.

RESULTS
Clinical assesment and hemogram finding

Decreased sucking reflex, depression, lack of interest in
consciousness, weakness in standing up, hypothermia or hy-
perthermia, prolongation of capillary filling time, abdominal
respiration, hyperemia or pallor of mucous membranes were
observed in calves with sepsis. The hematological and clinical
parameters, including body temperature, respiration, and pulse
rate of the calves of the experimental and control groups and
are presented in Table 2. In the hemogram analysis, leukocyte
(WBC) (p < 0.01) and granulocyte (p < 0.01) counts were sig-
nificantly increased in calves with sepsis compared to healthy
calves. However, RBC, HCT and PLT levels were not found to
be statistically significant. In addition ieukopenia was detected
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Figure 1. Decreased RIPK1 mRNA expression in calves with
sepsis. The mRNA expression levels RIPK1 were examined in
blood samples of health calves (n=10), and in blood samples of
age-matched calves with sepsis (n=20) using qPCR. GAPDH was
used to normalize RIPK1 mRNA levels. Values indicate mean ®
SEM. Student unpaired t-test **p < 0.01 (p=0.0054).
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Table 1. Sequences and annealing temperature (°C) of primers used in this study

Gene Primer Sequence Annealing
Name (5-3%) temperature (°C)
RIPK1-F 5" ATTCCATTCACCTCCTTGCC 3 57
RIPK1-R 5 GAACTCATTCCACCAATCTCCA 3’ 58
RIPK2-F 5" CAGTGAATCACAGTCGGAACAG 3’ 60
RIPK2-R 5" AAGCACAAGTATTTCTGGGTAAGG 3 59
RIPK3-F 5" CCGAATAAACACCAAGAAAGCC ¥ 58
RIPK3-R 5 TCAGAAAGGAACTCCTTCACCA ¥ 58
GAPDH-F 5 GGTCACCAGGGCTGCTTTTA 3 59
GAPDH-R 5 AGGATCTCGCTCCTGGAAGA 3 59

Table 2. Hemogram and clinical findings of sepsis and control groups (Mean+SEM)

Parameters Control (n:10)  Sepsis (n:20) p value
WBC/ 8.18£0.49 21.2+3.79 0.003
GRAD 3.6510.49 13.5£3.34 0.008
RBCI"12/) 8.74%0.73 10.2£2.38 0.552
HCT (%) 27.9%12.21 29.311.84 0.626
PLT/ 572%121 670£76.2 0.504
Temperature (°C)  38.9£0.09 37.3£0.29 0.00
Breath (min) 36.310.73 45.6+4.08 0.04
Pulse (min) 118+2.72 105£6.20 0.06

Gender 6 male, 4 female

7 male, 13 female

WBC = white blood cell, GRA = granulocytes. RBC = red blood cells, HCT = haematocrit, PLT = platelets.

in 2 calves, and leukocytosis was detected in 18 calves with
sepsis.

Results of the mRNA expression levels of RIPK1, RIPK2,
and RIPK3RIPK1 mRNA expression levels were statistically
decreased approximately threefold in calves with sepsis com-
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Figure 2. Lower RIPK3 mRNA expression in calves with sepsis.
RIPK3 expression was evaluated by qPCR in blood samples of
health calves (n=10), and in blood samples of age-matched calves
with sepsis (n=20). Values indicate mean = SEM. Student unpaired
t-test *¥p < 0.05 (p=0.0267).

pared to healthy calves based on qPCR results (Figure 1).Si-
milarly, RIPK3 mRNA levels were lower in calves with sepsis
compared to their controls (Figure 2).

However, RIPK2 expression could not be determined in
both the healthy calves and the calves with sepsis, probably
due to its low expression (graph not provided).

DISCUSSION

Neonatal sepsis remains one of the most significant health
problems in cattle breeding because of its high morbidity and
mortality rate. Despite the development of sepsis treatment
options, new biomarkers are needed for early diagnosis and
prognostic follow-up of sepsis. In this study, the mRNA exp-
ression levels of RIPK1 and RIPKS3, crucial players in the
necroptosis cell death pathway, were investigated for the first
time. We found that the gene expression levels of RIPK1 and
RIPK3 were significantly decreased in the calves with sepsis
compared to those in healthy calves. Moreover, pro-inflam-
matory inducer RIPK2 expression was not detected in calves

by qPCR.

Sepsis has a complex and multifactorial pathophysiology.
In general, the pro-inflammatory process is stimulated by the
pathogen, and it accompanies the elimination of the pathogen,
but the host activates the anti-inflammatory process to repa-
ir the tissues. The imbalance of these mechanisms can cause
excessive tissue damage (pro-inflammatory) or immunosupp-
ression in the body and predispose it to secondary infections
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(anti-inflammatory). The organ’s response to these events de-
pends on the features of the defense of the host (morbidity
and immunosuppression) and the pathogen (virulence and
amount of organism) (Angus and Van der Poll, 2013). Nume-
rous defense mechanisms are emerging for pathogen control
and elimination, including inflammatory cytokine, interferon,
and chemokine production, adaptive immune response, and
activation of cell death pathways, including necroptosis (Fec-
teau et al., 1997; Guzelbektes al., 2022). Necroptosis is a ge-
netically regulated necrotic cell death pathway that is thought
to kill pathogen-infected cells and/or damaged cells in inflam-
matory pathologies. Necroptosis is mediated by TNFR and
Fas, or pathogen recognition receptors, including tTLRs and
Z-DNA binding protein 1 (Qu et al., 2022). RIPK1, RIPK3
and MLKL have been identified as critical molecular compo-
nents of necroptosis (He et al., 2000; Cho et al., 2009; Holler
etal.,, 2009; Zhang et al., 2009). The binding of TNF to TNFR
leads to the recruitment and phosphorylation of RIPK1, the
adaptor protein TRADD (death domain-associated TNFRS-
F1A). RIPK1 then activates RIPK3, which in turn phosphory-
lates MLKL kinase. After phosphorylation, MLKL undergoes
significant conformational changes that allow its insertion into
the cell membrane and induce membrane permeability by cre-
ating pores.RIPK3 has been identified as the essential molecu-
le for TNF-induced necroptosis (Upton et al., 2010; Moujalled
et al., 2013), while RIPK1 has an essential role in mediating
both TNF-dependent nuclear factor xB (NFxB) activation and
apoptosis (Ofengeim and Yuan, 2013). In the present study,
RIPK1 and RIPK3 mRNA levels were lower in the calves with
sepsis (experimental group) than in the healthy calves. Duprez
et al’s (2011) study emphasized that inhibition of RIPK1 and
RIPK3 is essential in preventing SIRS caused by TNE. Studies
showed that necroptosis increases in direct proportion to the
severity of sepsis when severe sepsis and septic shock were
compared with sepsis in humans (Duprez et al., 2011; Wang
et al., 2012). Evidence supporting our study was the relations-
hip between inflammation and necroptosis in a mouse model
of TNF-induced SIRS (Kaiser et al., 2013). RIPK3 deficiency
has been reported to protect against lethal SIRS and reduce
circulating DAMPs (Kaiser et al., 2013). It is thought that the
calves with sepsis taking place in our study may be in the initial
stage of sepsis, and the RIPK3 level may decrease tempora-
rily, but multi-organ dysfunction findings will occur due to the
development of necroptosis and apoptosis in the later stages.
A recent study revealed that RIPK3 cooperates with the let-
hal gesdarmin D (GSDMD), which is involved in pyroptosis,
to increase tissue damage in polymicrobial sepsis (Chen et al.,
2020). Briefly, this study reported that both necroptosis and
pyroptosis are associated with caecal ligation and perforation
(CLP)-induced sepsis and multi-organ dysfunction, and the
use of agents that inhibit the activity of these molecules may
protect against septic shock and multi-organ damage (Chen et
al., 2020).

Han et al. (2019) showed that necroptosis is involved in
the pathogenesis of acute-on-chronic hepatitis B liver fa-
ilure (ACHBLEF). For that, they measured the mRNA levels
of RIPK3 using qPCR and the protein levels of MLKL by
ELISA in the peripheral blood of healthy controls and pa-
tients with ACHBLF and chronic hepatitis B. They found that

RIPK3 mRNA levels were significantly higher in patients with
ACHBLF than those with chronic hepatitis B or healthy cont-
rols, positively correlated with serum MLKIL. Moreover, the
mRNA expression of MLKL, RIPK3, and Beclin-1 was asses-
sed in 45 primary immune thrombocytopenia (ITP) patients’
peripheral blood and 20 healthy controls’ peripheral blood.
The parameters of clinic and laboratory and patients’ respon-
se to steroid therapy were evaluated with mRNA expression
of MLKI, RIPK3, and Beclin-1. It was found that there is a
crosstalk between increased mRNA expression of RIPK3 and
MLKL and autophagy-related protein Beclin-1 in primary im-
mune thrombocytopenia (Kamal et al., 2022). Moreover, the
production of RIPK3 mRNA and protein expression showed
correlation with the presence of necroptosis signaling in mela-
noma cell lines (Geserick et al., 2015). All these studies indicate
the correlation between mRNA and protein levels of RIPK3.

RIPK2 plays an essential role in forming the immune
response by intracellular nucleotide binding and oligomeriza-
tion domain (NOD)-mediated NF-kB activation and cytokine
production (Nachbur et al., 2015; He et al., 2017). NOD re-
ceptors recognize antigens containing bacterial peptidoglycans
and initiate immune responses by activating NF-xB and MAP
kinases, triggering the production of pro-inflammatory cyto-
kines (Jun et al., 2013). No study has been found investigating
the potential role of RIPK2 in the occurrence of bacterial sep-
sis. In our study, the mRNA expression level of RIPK2, which
has a role in forming the immune response against bacterial
infection, could not be determined in most healthy and septic
calves. This is thought to be due to the late arrival of RIPK2 in
the cycle and the differences between individuals.

CONCLUSION

In summary, RIPK1 and RIPK3 may contribute to the eatly
diagnosis and understanding of the therapeutic effect of neo-
natal sepsis in calves. The combined detection of RIPK3 with
proven biomarkers such as c-reactive protein and procalcito-
nin may be more effective than individual ones in diagnosing
neonatal sepsis. Moreover, studies are required to compare
the changes in RIPK1 and RIPK3 expressions in the treat-
ment processes of patient groups (sepsis, severe sepsis, and
septic shock) with healthy calves. In addition, investigating the
role of RIPK1 and RIPK3 in the treatment process in calves
will contribute to understanding their potential to be used as
mortality and prognostic indicators and the mechanisms that
contribute to increasing treatment success. This study’s results
suggest that lower RIPK1 and RIPK3 mRNA levels may be
associated with the beginning of sepsis. Furthermore, RIPK2
may not contribute to the induction of innate immunity in
calves with sepsis.
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ABSTRACT

Corynebacterium utscheri infection in rodents is usually related to stressful conditions. In this study, C.
kutscheri infection has been reported that occurred as a complication in rats subjected to intense swim-
ming stress during an experimental study. Weight loss, indifference to the environment, fluffy feathers,
and hunched posture were observed in affected rats. The lungs contained numerous, randomly distri-
buted, variably sized, slightly raised, cream-colored caseopurulent foci. There were occasional weak ad-
hesions between the lung lobes and the adjacent costal pleura. Multifocal to coalescing necro-suppura-
tive pneumonia with intralesional scattered large colonies of bacteria was observed histopathologically.

Article Code : 1249794 Adjacent in the pulmonary parenchyma, interalveolar hypercellularity, type II pneumocyte hyperplasia,
fibrinonecrotic vasculitis, and pleuritis were observed. Brown-Breen staining revealed gram-positive
cocobacilli in the lesion areas. Furthermore, cardiac lesions in which the atria were more severely affe-

Correspondence: cted than the ventricles were identified. This lesion was characterized by thickening of the epicardium

E. IPEK with intense infiltrates of macrophages admixed with scattered neutrophils. In severely affected rats,

(ipek.emrah@adu.edu.tr) . . . . . . . ..
this lesion was also involved to the underlying myocardium. Bacterial culture yielded positive growth
for C. kutsheri from the lesioned organ. Polymerase chain reaction was used to confirm the presence of

ORCID genetic material for C. kutscheri. As a result, it was revealed that Sprague-Dawley rats were infected with

E. IPEK : 0000-0002-5247-5222 C. kutscheri due to intense exercise stress. Periodic controls of C. kutscheri have been suggested in units

ET. EPIKMEN : 0000-0003-2641-2321 whete experimental animals are raised, both because of its negative effects on the results of the studies

. NUHAY : -0002-1475-3041 . .
g. ?LLHEIC A : 8888888303557%5 to be conducted and because of its zoonotic nature.
INTRODUCTION they are not specific (Otto et al., 2015). It is necessary to re-

The disease caused by Corynebacterium kutscheri, also known
as pseudotuberculosis, was first described by Kutscheri in
1984 in mice (Lemaistre & Tompsett, 1952). Later research
revealed that the disease also affects rats, hamsters, and guinea
pigs (Otto et al., 2015). C. kutscheri is a diphtheroid gram-po-
sitive bacillus. It can be observed in different morphologies
during growth for this reason also called “Chinese letter”
(Won et al., 2007). Natural infection with C. kufscheri is gene-
rally subclinical (Amao et al., 1995). Early studies showed that
this organism was commonly harbored latently in colonies of
rodents. Bacteria are commonly found in the oral cavity, ce-
cum, and oropharyngeal, cervical, and maxillary lymph nodes
(Amano et al., 1991; Amao et al., 2002; Amao et al., 2008).
Although good laboratory practices reduce the prevalence of
the infection, it can occasionally be encountered with fetal epi-
zootics (Barthold, 2012). Concurrent stressors are frequently
associated with disease outbreaks. Transportation, overcrow-
ding, malnutrition, immunosuppressive drugs, radiation, and
experimental applications are among these factors (Amao et
al.,, 2008). Latent infections can become active in the presence
of these factors. The active infection that results most likely
spreads hematogenously to various tissues and organs, causing
necrosuppurative lesions (Giddens et al., 1968). The location
of the lesions varies depending on the animal species. The
lungs are the most severely affected organ in rats. In mice, the
liver is the primary active site of infection (Barthold, 2012).
Clinical findings differ depending on the affected organ, but

Bu makaleye atifta bulunmak icin/ To cite this article:

move any latently infected animals discovered in experimen-
tal animal facilities through periodic analysis to prevent the
spread of infection. The definitive diagnosis of the disease is
made according to the presence of characteristic histolopat-
hologic lesions, bacteriological culture, and molecular analysis
results (Fox etal., 1987; Jeong et al., 2013).So far, no infections
with C. kutscheri have been reported in experimental producti-
on facilities in Turkey. Moreover, no clinical, pathological, or
microbiological studies have been conducted to investigate the
presence of C. kutscheri in experimental animals. This could be
due to a lack of research on the subject rather than a lack of la-
tent C. kutscheri infection in rodent colonies. The lack of scien-
tific research on this subject may have an adverse effect on the
outcomes of animal experiments (Saltzgaber-Muller & Stone,
1986). Aside from these, C. Kutscherss zoonotic nature poses
significant potential risks to the occupational health and safety
of researchers and assisting staff working in laboratory animal
breeding units (Himsworth et al., 2014; Holmes & Korman,
2007). The clinical, gross, histopathological, bacteriological,
and molecular findings of C. kutscheri-associated disease in a
colony of Sprague-Dawley rats in a certified experimental ani-
mal breeding unit are presented in this study. In this context,
we aimed to draw attention to the C. kutscheri disease among
researchers who will be working with experimental animals
and their personnel in the experimental animal breeding unit.
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MATERIAL and METHODS
Animals

The study’s animal material included Sprague-Dawley rats
that died or were euthanized as a result of a C. utscheri infe-
ction that occurred as a complication during an experimental
study. During the experiment, the rats were housed in standard
temperature (22 + 2°C), relative humidity (50%—70%), and
lighting conditions (12/12-h light/dark). Ad libitum access
to standard rat feed and tap water was provided. Thirty-two
10-week-old Sprague-Dawley rats were obtained from a certi-
fied commercial experimental animal breeding facility for the
experiment. The rats were randomly divided into two groups
of 16 rats each: forced swim groups and control non-swim-
ming groups. The rats in the forced swim group had a weight
equal to 5% of their body weight attached to their tails and
wete subjected to 1 h of swimming in 32°C pools 5 days a
week (Claudio et al., 2013). The rats were dried after flotati-
on before being placed in their cages. The rats in the control
group received no treatment.

In the forced swim group, 1 rat (no. 1) died on the 10th day
of the experiment and 2 rats (nos. 2-3) died on the 11th day
of the experiment. The study was halted because the systemic
necropsy findings of the dead rats indicated that the experi-
ment’s results would be harmed. All of the rats were exami-
ned, clinical symptoms were recorded, and they were euthani-
zed humanely via cervical dislocation under general anesthesia
induced with xylazine and ketamine.

Pathologic examination

Systemic necropsies were performed on dead and euthani-
zed rats, and gross and subgross lesions were recorded. Identi-
fied macroscopic lesions were photographed (#c5050, Olym-
pus), and tissue samples were fixed in 10% buffered formalin
for 48 h and trimmed according to the proposed method of
Ruehl-Fehlert et al. (2003) before loading into tissue follow-up
cassettes. Tissue samples were dehydrated by passing them th-
rough a series of increasing alcohol concentrations, then clea-
red with xylene, and embedded in paraffin. With a microtome,
serial sections of 4—5 um thickness were cut from paraffin blo-
cks and stained with hematoxylin—eosin (HE). Brown-Breen
staining was used to highlight the agents in selected tissue sec-
tions. The tissue slides were examined with a light microscope
(#BX51, Olympus), and photomicrographs were taken with a
camera (#SC180, Olympus).

Bacteriological examination

Under aseptic conditions, samples from the lung, subman-
dibular lymph node, spleen, liver, and preputial glands of all
rats were inoculated on Columbia Agar plates with 5% sheep
blood (#110025, Liofilchem®) for bacteriological examina-
tion. In both aerobic and microaerophilic environments, the
media were incubated at 37°C for 24-48 h. Bacterial micros-
copic properties were determined by staining isolated bacterial
colonies with the gram staining method. The biochemical pro-
perties of the cultured bacteria were characterized with VI-
TEK 2® (bioMérieux).

Polymerase chain reaction

Polymerase chain reaction (PCR) was used to confirm the
isolated C. kutscheri strains’ molecular identities. Genomic
DNA was isolated with the help of a High Pure PCR Temp-
late Preparation Kit (#11796828001, Roche) in line with the
manufacturer’s recommendations. Primers specific to C. kut-
scheri reported by Jeong et al. (2013) as (F: 5-CGTGATG-
GCCATCTTTGGTT-3, R: 3-AATCGTATTAGCAAAGG-
TATGC-5") were used. DNA was amplified with an Xpert Fast
Hotstart Mastermix (2X) with dye kit (#GE45.0001, GRiSP)
in a Techne TC-412 thermal cycler (Keison Products) using
the following cycling conditions: 95°C hold 3 min, followed
by 40 cycles of denaturation at 95°C for 15 s, annealing at
55°C for 30 s, extension at 72°C for 15 s, and final elongation
at 72°C for 3 min. The PCR products were loaded onto a 2%
agarose gel and run at 100 V for 1 h before being visualized.

RESULTS
Clinical signs

The forced swimming rats showed rapid weight loss (12/16,
75%), indifference to the environment (12/16, 75%), fluffy
hairs (12/16, 75%), and hunched posture (12/16, 75%) 1 week
after the experiment began. In addition to these symptoms,
petiocular encrusted exudate (7/16, 43.75%), wheezing (7/16,
43.75%), and gasping (7/16, 43.75%) appeated later. On 10th
(n=1) and 11th (n=2) days of the experiment, the rats were
seen motionless on the floor with subnormal temperature and
superficial respiration and subsequent death by passing into an
agony state.

Gross finding

The control rats had no macroscopic lesions. The lungs of
12 of the rats in the forced swim group were heavier, edema-
tous, and poorly collapsed. Suppurative foci of 1- to 6-mm
size, cream-colored, and raised from the surface were found
in the lungs of seven of these rats (Figure 1A). Some lesions
were seen merged together, encompassing the entire affected
lobe of the lung. The location and extent of lesions in the lo-
bes of the lungs has been shown in Table 1.

There was no specific pattern of lesions in the lung lobes,
and lesions were randomly distributed. Multiple caseonecrotic
foci of variable sizes were seen on the cross-sectional surface
of the lesion areas. In one case (no. 4), pus could be seen oo-
zing from the lesion’s cross-sectional surface, which was sur-
rounded by a thick fibrous capsule (Figure 1B). Serous-to-fib-
rinopurulent foamy fluid was present in the tracheal lumen in
five cases. The pleura had a ground-glass appearance in six
cases (nos. 1-3, 5-7), and adhesions formed between the lung
lobes and the pericardium and thorax in three cases (nos. 5-7).
The pleural appearance was granular in the areas of adhesion.
The apex of the heart was rounded in six rats, the myocardium
was white mottled, particularly in the atria, and both ventricle
lumens had coagulated blood. The pericardium had a ground-
glass appearance in all six of these cases, and there were adhe-
sions between the pericardial leaves. The liver was swollen and
cyanotic in six rats, with blood oozing from the cut surface.

MAE Vet Fak Derg, 8(2): 136-144, 2023



Ipek, Epikmen, Nuhay...

Table 1. Location and degree of lesions in the lobes of the lungs

No. Lung
Left lobe Right lobe
Cranial Middle Caudal Accessory

1 +++ +++ +++ +++ +++

2 +++ - - - -

3 +++ +++ +++ +++ +++

4 - - - +++ -

5 - +++ o+ +++ -

6 + - - + o+

7 - 4+ o +++ -

Note. According to the degree of involvement of lung lobes:—, no lesion; +, affected
<25%; ++, affected 25%—50%; +++, affected >50%.

Figure 1. Corynebacterium kutsheri-associated gross lesions. A) Randomly

distributed, varying sizes, slightly protruding from the surface, grayish-white
caseo-purulent foci in the lungs; B) Single, large, raised abscess in the lung,
Grayish-yellow pus oozing from the cross section of the lesion.

Histopathological finding

The lungs and hearts had the most visible microscopic lesi-
ons. In general, lung lesions were seen to begin with neutrophil
infiltration to the interalveolar septum (12/16, 75%). At this
stage, the alveolar lumens were empty (Figure2A).Hypercel-
lularity in the interalveolar septum was occasionally accompa-
nied by alveolar epithelization. As the lesions progressed, the
alveolar lumens were seen to fill with inflammatory exudate
containing shed epithelial cells, neutrophils, and macrophages
(Figure 2B). In the lungs of seven rats, multifocal randomly
distributed coagulative to caseous necrotic foci with abundant
viable and degenerate neutrophils were observed (Figure 2C).
Scattered colonies of basophilic bactetia were observed in the
necrotic areas. Using Brown-Breen staining, these bacterial
colonies in the necrotic areas were identified as gram-positi-

MAE Vet Fak Derg
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ve coccobacilli. Around neutrophil collections, macrophages,
epithelioid histiocytes, and sporadic multinucleated giant cells
were found on occasion (Figure 2D). Merging neighboring le-
sions resulted in larger lesions in severely affected lung lobes.
In the immediate vicinity of the caseonecrotic foci, neutrop-
hils with karyorrhectic nuclei formed a demarcation zone. (Fi-
gure 2F).

In one rat (no. 4), the lesions were surrounded by mature
connective tissue from the outside. Bronchial, bronchiole, and
tracheal epithelium was exfoliated in cases where the lung lobe
was diffusely affected, and fibrinopurulent exudate covered

the ulcerated mucosa. The vessels near the pyogranulomatous
lesions had fibrinonecrotic vasculitis and occasional thrombo-
sis (Figure 2F-G).

138
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ning. A) A
ing neutrophils; B) Alveolar surfaces covered by cubic shaped pneumocytes (type II pneumocytes). Alveolar lumina con-
tain homogenous edema fluid mixed with neutrophils; C) Note dark basophilic infiltrates of viable and degenerated neu-
trophils in a background of proteinaccous edema fluid; D) Accumulation of viable and degenerated neutrophils with
intralesional large colonies of bacteria; E) Large coalesing areas of necrosis, infiltrated and surrounded by a variable amounts
of neutrophils admixed with scattered macrophages. Pleura expanded by immature connective tissue composed of a mixture
of proliferating fibroblast, new vessel formations and abundant macrophages, with occasional neutrophils; F) Hyalinization of
the vessel wall and thrombosis in its lumen; G) Arteriole expanded with infiltrating neutrophils, macrophages and edema fluid.

MAE Vet Fak Derg, 8(2): 13



The pleural surface was covered with a layer of fibrin with
varying amounts of neutrophilic infiltrate in six cases (nos. 1-3
and 5-7). In addition to the fibrin tag, three rats (nos. 5-7) had
increased pleural surface thickening with immature connecti-
ve tissue composed of proliferating fibroblasts, neovasculari-
zation, abundant macrophages, and occasionally neutrophils.
Six cases (nos. 1-3 and 5-7) had cardiac lesions that began in
the epicardium and spread to the myocardium (Figure 3A-D).
The atria were affected more severely than the ventricles. Furt-
hermore, the severity of the lesions was greater on the right
(5/6) than on the left side of the heart. The epicardium was
markedly expanded by intense infiltrate of macrophages ad-

-a8
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mixed with scattered neutrophils, lymphocytes, and mast cells.
Cardiac myocytes are separated, surrounded, and lost in the
subepicardial regions, with replacement by the inflammatory
infiltrates described above.

Bacteriological finding

A pure culture of gram-positive coccobacilli was isolated
from the affected organs. Based on biochemical properties, the
organism was identified as C. &utscheri. In the PCR analysis, an
isolate of 540 bp specific to C. kutscheri was obtained, which
was consistent with this expectation (Figure 4). The non-spe-
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sociated cardiac lesions. H&E staining. A-B) Epicardi-

um was markedly expanded by inflaimmatory infiltrates. These lesions spreading to the sub-
epicardial myocardium. Note that the severity of atrial lesions is greater than that of the ven-
tricle; C-D) Close-up images of the lesions. Cardiac myocytes are separated, surrounded,
and lost with replacement by intense infiltrate of macrophages admixed with scattered neu-
trophils, lymphocytes and mast cells. Loss of cross striation in remaining cardiomyocytes.

G s SRS D e 4540 bp

Figure 4. Agarose gel clectrophortesis images of PCR products. PCR analysis with C.
kautsheri-specific primers showing a 540 bp product as expected. Lane 1, 100-bp DNA
ladder; Lane 1: positive control; Lane 2: negative control; Lane 3-7: tissue samples.
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cific product was not determined. Based on the results of the
bacteriological, biochemical, and PCR analyses,the causative
agent of the disease was identified as C. &utschers.

DISCUSSION

Corynebacteriosis, caused by C. kutscheri, was one of the
first rodent diseases to be identified (Lemaistre & Tompsett,
1952). C. kutscheri has been found in the majority of rodent co-
lonies studied in various countries (Otto et al., 2015). Despite
reports that the measures taken have reduced the prevalence
of infection, recent disease outbreaks indicate that C. gutscher:
infection remains a threat to rodent colonies (Barthold, 2012;
Won et al., 2007). In our literature review, we found no re-
ports of C. kutscheri infection in rodent breeding units in our
country. C. kutscheri infection is typically subclinical (Amao et
al., 1995). As a result, it is critical to detect and exclude rodents
infected with C. kutscheri prior to beginning experimental stu-
dies to obtain healthy results. Furthermore, outbreaks of clini-
cal disease encountered during an experimental study, as in this
study, may necessitate the study’s termination, resulting in even
greater losses (Saltzgaber-Muller & Stone, 1986). The clinical,
macroscopic, histopathological, and bacteriological aspects of
C. kutscheri infection, which emerged as a complication during
an experimental study, were discussed in this study. This is the
first study in our country to report C. kutsheri infection.

Infection with C. kutscheri in rodent colonies ranges from
latent infections to fetal epizootic of pseudotuberculosis. Alt-
hough tissue lesions are not asociated with latent infections,
C. kutscheri can be isolated from many tissues of latently infe-
cted rodents (Barthold, 2012). Previous reports suggest that
domestic animals become more susceptible to the diseases due
to stress factors (Haziroglu et al., 2006; Tunca & Haziroglu,
2004; Tunca et al., 2006). C. kutscheri associated outbreaks are of-
ten caused by immune suppression under stressful conditions.
Previous research has shown that immunosuppressive factors,
such as malnutrition, transportation, overcrowding, high am-
monia concentrations, and exogen administariton of immuno-
suppressive agents, such as cortisone and cyclophosphamide,
can activate latent infections, leading to clinical disease (She-
chmeister & Adler, 1953; Won et al., 2007; Zucker & Zucker,
1954). In this study, the rats that developed disease from C.
kutscheri were not exposed to any of the stress factors listed
above. It was interesting to see that the disease only appeared
in rats exposed to swimming stress. There was no pathology
found in the rats that were not swimming. Physical exercise,
for example, activates adaptive responses, such as the sympat-
homedullary pathway and the hypothalamus—pituitary—adrenal
axis, which release stress hormones to end the stress reaction
and maintain homeostasis (Caplin et al., 2021). However, the
excessive amount of stress hormones released during intense
exercise may cause immunosuppression by suppressing bone
marrow (Kruk et al., 2020). The emergence of disease only in
the forced swim group in our study suggests that the stress
induced by swimming contributed to the development of cli-
nical disease by activating an existing latent infection under
immunosuppression.

Clinical signs of C. kutscheri are often seen in the last phase
of the disease (Barthold et al., 2012; Otto et al., 2015). Cac-

hexia, hunched posture, periocular crusting, apathy to the en-
vironment, and respiratory distress reported in spontaneous or
experimental C. kutscheri infection (Barthold et al., 2012; Gid-
dens et al., 1968; Otto et al., 2015; Won et al., 2007) were also
seen in this study. Porphyria and lameness reported by Otto et
al. (2015) were not seen.

The location of lesions in C. kutscheri differs depending on
the animal species; consistent with previous reports (Barthold
et al., 2012; Giddens et al., 1968; Otto et al., 2015; Won et al.,
2007), the majority of active infection was seen in rats’ lungs.
This study also found fibrinous pleuritis and mediastinal ly-
mph node enlargement in addition to the pulmonary lesions
seen in previous natural and experimental C. &utscheri infec-
tions (Giddens et al., 1968; Won et al., 2007). However, nec-
rosuppurative hepatitis reported by Tuffery and Innes (1963)
was not seen. It is unknown how the agent enters the lungs
during active infection. The predominance of pulmonary lesi-
ons points to inhalation of contaminated aerosols as a possible
mode of transmission. However, it is now widely accepted that
the agent enters the lung via the hematogenous route (Bart-
hold et al.,, 2012; Giddens et al., 1968; Otto et al., 2015). In
our cases, lung lesions began at the interalveolar septum rather
than the bronchioloalveolar border. This finding indicated that
the agent entered the lungs through the hematogenous route
rather than through inhalation. Furthermore, the random dist-
ribution of the pulmonary lesions in all lobes rather than just
the cranial lobe (lesion limited to cranial lobe indicates spread
by inhalation) supports the hematogenous route of transmis-
sion. As the disease progresses, diffuse involvement of the af-
fected lung sections and pleuritis indicate that it spreads via
the pericanalicular route. The lungs are affected in mild cases,
but the airways are unaffected; however, severe lung lesions are
accompanied by bronchial, bronchiolar, and tracheal lesions.
This finding suggested that intracanalicular spread occurred
later in the process. As a result, the agent was thought to have
entered the lungs via the hematogenous route and spread via
the pericanalicular and intracanalicular routes.

The first histopathological findings in C. kutscheri infecti-
on are foci of interstitial necrosis with neutrophil infiltration
(Barthold et al., 2012; Otto et al., 2015). In line with this, we
discovered that pulmonary lesions in rats infected with C. &ufs-
heri began in the interstitium. Granulomatous foci in the lungs
of C. kutscheri-infected rats were thought to be the first histo-
pathological lesion in rats resistant to this infection (Giddens
et al,, 1968). However, neither a later study (Won et al., 2007)
nor our findings support this hypothesis. It has been reported
that initially observed interstitial lesions accompanied by neut-
rophil leukocytes enlarged and became surrounded by neut-
rophils and macrophages to form abscesses. In chronic cases,
abscess foci are surrounded from the outside by a fibrous cap-
sule (Barthold et al., 2012; Otto et al., 2015). Similarly, in C.
kutscheri-infected rats, the most visible lung lesion was multi-
focal randomly distributed foci of colliquation necrosis with
numerous viable and degenerated neutrophils. Neighboring
lesions tended to merge into larger lesions. A demarcation area
formed by neutrophils with karyorrhectic nuclei separated
these lesions from the surrounding tissue. These lesions were
surrounded by epithelioid histiocytes and giant cells in chronic
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infection and only rarely by a fibrous capsule. Lung lesions
were classified as pyogranulomatous lesions in this regard.

The pathological findings of C. kutsheri infections is
non-specific (Barthold et al., 2012; Otto et al., 2015). There-
fore, bacterial isolation via culture or PCR demonstration of
C. kutscheri-specific gene(s) is important in the diagnosis (Fox
et al., 1987; Jeong et al., 2013). However, the fact that C. kut-
scheri can be isolated from many tissues of latently infected
rodents makes microbiological analysis challenging for disease
diagnosis (Amano et al., 1991; Brownstein et al., 1985; Yoko-
iyama et al., 1975). Culturing the agents from the lesioned ot-
gans allows for a definitive diagnosis of the disease (Fox et al.,
1987). The disease was diagnosed in the present study by iso-
lating the agent from the lesioned tissues using bacteriological
culture and demonstrating the genetic material of C. kutscheri
in these lesions using the PCR technique. Moreover, using the
Brown-Breen staining technique, a histochemical staining met-
hod, gram-positive bacteria were identified in the centers of
the lesioned organs, allowing for a definitive diagnosis.

C. kutscheri has been isolated in various tissues and organs
of subclinically infected rodents, including the oral cavity and
submandibular lymph nodes (Amano et al., 1991; Brownstein
et al.,, 1985). C. kutscheri has also been isolated up to day 90
from mice experimentally inoculated via the oronasal route
(Yokoiyama et al., 1975). C. kutschseri infection, which was acti-
vated during an experimental application in rats and caused the
development of pathological disease, was defined in this study.
C. kutscher’s zoonotic significance has grown in recent years. C.
kutscheri has been isolated in cases of rat-bite fever caused by
rodent bite, according to reports (Himsworth et al., 2014; Hol-
mes & Korman, 2007). The present study revealed the disease
threat faced by laboratory workers and animal caretakers in an
experimental study due to the activation of C. gutscheri infecti-
on in rats subjected to swimming stress. Given the subclinical
nature of C. kutscheri infections in rodent colonies, the study
suggests that laboratory personnel should always take the ne-
cessary precautions when working with laboratory animals.

It has been reported that rodent species differ in their sus-
ceptibility to C. kutsheri infections. Intravenous administration
of C. kutscheri to 15 different mouse breeds resulted in active
infection in only seven of the breeds, with the remaining bre-
eds remaining disease-free (Pierce et al.,, 1964). Although the
exact cause of this difference between mouse breeds is unk-
nown, Hirst and Campbell (1977) proposed that it is due to
the mononuclear phagocytic system. They concluded that the
monosystem phagocytic system effectively cleared the agent
in resistant strains. Although there are studies presented in
terms of susceptibility to the disease among mouse breeds,
there is no study on which breeds are more susceptible in rat
breeds. The Wistar breed rats were resistant by LeMaistre and
Tompsett (1952). Infection occurs in these breeds only at high
doses. Natural and experimental diseases have been observed
in Sprague-Dawley rats in subsequent studies (Giddens et al.,
1968; Won et al.,, 2007). The unavailability of reports of C.
kutscheri infection in other breeds may be due to experimental
studies’ preference for Sprague-Dawley and Wistar breeds rat-
her than disease resistance in these breeds. Natural C. &utscheri

Ipek, Epikmen, Nuhay...

infection in Sprague rats was determined in the study under
stress conditions caused by excessive exercise. However, active
infection with C. &utscheri did not occur in all of the rats expo-
sed to exercise stress. As a result, some of the rats exposed to
stress developed the disease, whereas others did not, implying
that, in addition to immunosuppression, individual differences
play a role in disease development.

CONCLUSION

A natural C. kutscheri infection in Sprague-Dawley rats under
stressful conditions induced by intense exercise was described
in detail in terms of clinical, pathological, and microbiological
perspectives in the present study. The subclinical course of
C. kutscheri infections highlights the importance of routine C.
kutscheri screening in experimental animal breeding facilities.
C. kutscher?s zoonotic significance suggests that staff working
with experimental animals should pay special attention to this
subject.
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ABSTRACT

A wart lesion was observed near the anus of a female Arabian horse housed in a private equine fa-

diacnosis cility in Bucak District of Burdur Province. During the histopathological examination of the mass,

PC equine sarcoid was revealed. Polymerase chain reaction (PCR) revealed the presence of bovine papil-

B lomavirus (BPV) type 10 and type 12 viral genomes in the tissue. It was observed that the combined
treatment approach of PAPILEND™® cream + Zylexis™ + AlquermoldTM premix powder was

%eccc?gtegi 2264%‘;22%2233 beneficial in treating the sarcoid associated with BPV type 10 and type 12 on the anal region. No

Published Online : 31.08.2023 recurrence of the lesion was observed during the 6-month follow-up period. In conclusion, it is

Article Code : 1288345 recommended to diagnose the presence of BPV in horses with warts and to investigate the efficacy
of this combined treatment approach in larger populations.
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INTRODUCTION

Bovine papillomavirus (BPV) types 1, 2 and 13 (BPV-1, -2,
-13) are known to cause sarcoids in horses and potentially in-
fect other species (Chambers et al., 2003). Although the routes
of BPV transmission in the ungulate population are not ful-
ly known, possible routes include direct or indirect skin con-
tact, contaminated materials, environmental conditions, air-
borne flies, and vertical transmission. In horses, BPV lesions
are commonly found all around the body, particularly in the
paragenital region, thorax-abdomen, and head regions (Tor-
rontegui & Reid, 1994). While various treatment approaches
for wart lesions caused by BPV have been extensively stud-
ied in ruminant animals, there are limited studies focusing on
BPV-related warts in horses. Therefore, more research is need-
ed in this area. In this study, the detection of the presence of
BPV and the treatment of the tumor in an Arabian horse with
an equine sarcoid case are reported using molecular methods,
histopathological and immunohistochemical techniques.

CASE

In a private equestrian facility in Bucak District of Burdur
Province, 3-year-old female Arabian horses, previously used
for racing but later sold due to leg nerve injuries, developed
wart lesions on the anal wall (Figure 1). After capturing and
restraining the animals, a 5g sample of the wart lesion was
collected under appropriate conditions. A portion of the sam-
ple was fixed in 10% formalin solution for histopathological

To cite this article:

and immunohistochemical examinations, while the remaining
part was transported to the laboratory in a sterile container
under cold chain conditions. This study was approved by the
Local Ethics Committee for Animal Care of the Burdur Meh-
met Akif Ersoy University (11/04/2023- decision number:
E-93773921-770-264906).

The tumor mass was used for histopathological and immu-
nohistochemical examination. The mass fixed in 10% forma-
lin solution, processed routinely and embedded in paraffin.
Sections of 5um thickness were cut using a microtome and
stained with Hematoxylin-eosin (HE) examined under a light
microscope. For immunohistochemical examination, the sec-
tions were mounted on polylysine slides and stained using the
streptavidin biotin peroxidase method. The anti-HPV anti-
body [BPV-1/1H8 + CAMVIR] (ab2417) was used for the de-
tection of the papillomavirus. The Mouse and Rabbit Specific
HRP/DAB (ABC) Detection THC kit (ab64264) and DAB
chromogen were used as secondary kits. After counterstain-
ing with Harris Hematoxylin, the prepared slides were covered
with a cover slip and examined under a microscope.

Extraction (Qiagen) was performed from the mass, and the
sample was analyzed using the conventional polymerase chain
reaction (PCR) method with BPV type-specific primers (BPV
type 1-type 14).

For treatment, PAPILEND™® cream was applied once a
day to the wart area for 10 days. Zylexis™ was administered

145

Orta YS, Kale M, Hasircioglu S, Yildirim Y, Ozmen O, Atli K. A different treatment approach for Bovine papillomavirus in an arabian horse. MAE Vet Fak Derg. 2023; 8(2):

145-149.



A diffe ent treatment...

of an Arabian horse.
B) Close-up view.

intramuscularly at a dose of 2 ml on days 0, 3, and 9 to activate
the immune system. Additionally, 150 grams of Alquermold™
premix powder was added to the animal’s daily feed for 10
days.

The histopathological examination of the mass revealed a
prominent dermal proliferation of spindle-shaped fibroblasts

Figure 1. A) Gross appearance of the tumor localized near the anus

tion exhibited a perpendicular orientation towards the base-
ment membrane. Ulceration and inflammatory cell infiltration
were observed on the surface of the mass. Increased vasculari-
ty and hyperemic vessels were also noted. In the immunohisto-
chemical examination, positive reactions with papillomavirus

were detected in some epithelial cells in the epidermis (Figure
2).

Figure 2. A) Histopathological appearance of the fibromatous type
equine sarcoid, showing ulcer and inflammatory reaction on top of the
mass (arrowhead) and rete peg (arrow). HE, Scale bar = 200pum. B) Higher
magnification of rete pegs (arrows). HE, Scale bar = 100um. C) Positive
reaction for papilloma virus (arrows), Streptavidin Biotin Peroxidase
method. Scale bar = 50um. D) Higher magnification of papilloma virus
positive epidermal cells (arrows),Streptavidin Biotin Peroxidase method.

Scale bar = 100um.

arranged in a fascicular or interlacing pattern. The epidermis
showed widespread hyperplasia, hyperkeratosis, and rete peg
formation. Notably, fibroblasts at the dermo-epidermal junc-

The PCR method using BPV type-specific primers (BPV
type 1-type 14) applied to the tissue sample confirmed the
presence of viral genomes belonging to BPV type 10 (Figure

MAE Vet Fak Derg, 8 (2): 145-149, 2023



3) and type 12 (Figure 4). The results were negative for the
other types.

Figure 3. Detection of BPV type 10 by PCR. Figure 4. Detection of BPV type 12 by PCR.

Asaresultof the combined treatment with PAPILEND™®
cream + Zylexis™ + Alquermold™ premix powder, regres-
sion and healing of the wart area in the anal region were ob-
served (Figure 5). No recurrence of the lesion was observed
during the 6-month follow-up period.

Figure 5.
Arabian horse.
B) Close-up view

DISCUSSION

Sarcoids, which are thought to be caused by BPV types of
the Deltapapillomavirus genus commonly in horses, are char-
acterized by localized lesions with intense fibroblastic prolif-
eration and epidermal hyperplasia/dysplasia (Nasir & Brandt,
2013). In this case, for the first time, BPV types 10 and 12,
which belong to the Xipapillomavirus genus, were detected in
a wart that developed in the anal region of a horse. BPV types
10 and 12 genes found in the mass that have generally been
detected in cattle mammary, body, and oral lesions in previous
studies (Sokel and Kale, 2022; Ozmen and Kale, 2023). In this

IR, o

4 W } |
A) Regression of the wart lesion in the anal region of the

Orta, Kale, Hasiwrcioglu...

study, a sarcoid case detected in a horse, which was previously
used in races but sold due to leg nerve injury, and kept for

recreation in a private riding facility located in an area near-
by dairy cattle, is presented. The grazing areas of the horse
and the cattle were intertwined, and close contact between the
animals was observed. Experimental studies have shown the
development of sarcoid-like lesions in horses following inoc-

ulation with BPV, while another study reported no formation
of warts (Reid et al., 1994). Therefore, definitive statements
cannot be made regarding the transmission of BPV from
one horse to another or from cattle to horses. However, BPV
DNA has been detected in horses’ sarcoid mass and it has been
suggested that flies (Musca antumnalis) carrying BPV DNA can
act as vectors for BPV transmission (Kemp-Symonds, 2000).
BPV generally spreads through direct or indirect contact, en-
tering the skin through abrasions and lesions (Ozmen and
Kale, 2023). Therefore, in the case we examined, we suspect
that inter-species transmission of BPV occurred through di-
rect contact or via flies. Histopathological examinations of
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equine sarcoids have identified fibroblastic and nodular types
as the most common ones (Gebre et al., 2018; Kareem & Sal-
man, 2019). Kareem & Salman (2019) determined that sarcoid
prevalence is highest in males between the ages of 3-7. In this
case, a fibroblastic-type sarcoid was diagnosed through histo-
pathological examination of the wart in a 3-year-old female
riding horse. BPV antigens were detected immunohistochem-
ically in the epidermal cells. It has been found that sarcoids in
horses occur most frequently in the head-neck region (51%),
trunk and genital region (32.3%), and leg and shoulder areas
(16.1%) (Gebre et al., 2018). The localized development of
tumors in horses can lead to functional disorders depending
on the affected area. As a result, animals may experience issues
such as weakness, sensitivity, bleeding, blindness, difficulty in
defecation and urination, locomotion problems, difficulties in
parturition, feeding, and chewing (Gebre et al., 2018). Cur-
rently, there is no standardized method for the treatment of
equine sarcoids. However, various treatment methods such as
surgical procedures (conventional excision and CO, laser ex-
cision), cryotherapy, hyperthermia, radiotherapy, chemothera-
py, immunotherapy, topical immunomodulation, and antiviral
agents are used (Taylor & Haldorson, 2013). The topical cream
(PAPILEND™®) used in this case was developed to soften
wart-like formations seen in cattle and reduce their adverse ef-
fects by inducing hardening. The cream’s composition includes
glacial acetic acid, salicylic acid, garlic oil, tea tree oil, glyceryl
monostearate, stearic acid, cetyl stearyl alcohol, hydrogenated
castor oil, podophyllum, and water. It has been reported that
some of the ingredients in the cream cause warts to regress
and disappear due to their topical cytotoxic and antimitotic
effects (Rivera & Tyring, 2004;). BPV is not a strong immuno-
gen in mammalian organisms and does not induce significant
inflammation, except for local cellular immunity. Therefore,
the main objectives in combating the virus include the devel-
opment of neutralizing antibodies, stimulation of cellular im-
munity, elimination of infected cells producing early proteins,
and exposing keratinocytes to the virus (Araibi et al., 2004).
To stimulate the immune system, an immunostimulant called
Zylexis™ was used. Vitamin E, selenium, copper, and zinc
are important substances for animals in strengthening the im-
mune system against diseases and promoting keratin produc-
tion (Sokel and Kale, 2022). Therefore, Alquermold™ premix
powder was used. The primary goal of topical treatments in
equine sarcoid cases is to stimulate a local immune response to
eliminate tumor cells.

CONCLUSIONS

We recommend conducting investigations on BPV cases to
explore the sequence and phylogeny, as new types and variants
of the virus continue to emerge. In this regard, we suggest
diagnosing the presence of BPV in a larger population of an-
imals with equine sarcoid cases and subsequently monitoring
the outcomes of this combined treatment approach.
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